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Surface mine evaluators are required to quantify 
various engineering and economic parameters in order to 
provide the information necessary for corporate investment 
decision making. Parameters which must be considered 
include cutoff grade, production rate, ultimate pit limits 
and capital investment. These parameters require accurate 
estimation in a reasonable time period consistent with the 
level of the estimate being performed.
The procedure presented herein produces a preliminary 
evaluation for open pit mines. This computer-assisted 
procedure uses open pit mine design techniques to determine 
parameters such as cutoff grade, production rate, and 
ultimate pit limits. The resulting pit designs are 
evaluated using incremental financial analysis in order to 
select the best of several pit design alternatives. This 
approach integrates the concepts of economics and 
engineering design in a manner consistent with corporate 
investment program objectives.
The use of this procedure enables mine evaluators to 
separate the economics of the deposit in two parts, economic 
pit design and financial evaluation with incremental
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analysis. This separation enables the design of open pit 
mines based on the economic parameters pertaining directly 
to operating cost and revenue generation, capital costs, 
stripping costs, and all the remaining elements of a 
conventional cash flow analysis as well as the financial 
analysis necessary for corporate capital budgeting.
The procedure utilized incorporates the financial 
project evaluation criteria normally used by corporate 
management (i.e., net present value (NPV), internal rate of 
return (IRR), profitability index (PI), undiscounted payback 
(UPB), discounted payback (DPB), wealth growth rate (WGR), 
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Within the last decade, the economics of the mineral 
industry has changed considerably. Previously profitable 
mining projects have become unprofitable. Mining projects 
are increasingly capital intensive, and lower-grade deposits 
are more common. These significant changes suggest that 
both engineering design and project economics need to be 
closely scrutinized to provide corporate management the 
information necessary for decision making.
In open pit mining the principal goal in economic pit 
design is to evaluate the deposit in a manner which 
establishes economic mining grades, ore and waste tonnages, 
and economic pit limits. Several manual methods of open-pit 
mine design have been applied for years, but these methods 
are time consuming and impractical. These disadvantages 
result primarily because with manual design all the 
iterations necessary to achieve an optimum pit design cannot 
be performed in a timely manner. Also, because of the 
numerous calculations involved, manual methods are 
particularly susceptible to error.
During the design process, mining engineers must
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establish certain engineering design and economic parameters 
in order to perform the deposit evaluation. Some of these 
traditional parameters are the ore cutoff grade, production 
rate, and capital investment. Selection of an appropriate 
cutoff grade is necessary to classify ore and waste 
materials. A production rate must be designated in the 
evaluation process in order to determine the capital 
investment and operating costs of the project and the 
subsequent cash-flow analysis.
Currently, computers are being used in the mining 
industry to assist engineers with this routine work. Several 
computer programs have been developed which perform many of 
the manual tasks of pit design. Using the computer the 
mining engineer is now able to produce more reliable and 
timely pit designs than previously considered possible. Pit 
designs can be quickly produced to analyze the impact of 
short-term changes in the numerous parameters affecting a 
mining project.
The economic evaluation of surface mines is similar to 
the economic evaluation of projects in any other industry. 
Specific pit designs are evaluated as individual projects in 
order to choose the design which maximizes the firm’s 
investment decision criterion (internal rate of return 
(IRR), net present value (NPV), etc.). If different pits
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are designed with different parameters, such as cutoff grade 
and production rate, the pit design which maximizes the 
firm's economic criterion should provide the optimum cutoff 
grade and the optimum production rate. To check this 
suggested optimal pit design, incremental financial analysis 
may be used to choose the best economic pit design.
The procedure of mine evaluation and mine design is an 
iterative process. The iterative nature of mine design is 
shown graphically in Figure 1-1, which illustrates the








FIGURE 1-1 ITERATIVE PROCESS FOR MINE EVALUATION AND MINE 
DESIGN (GENTRY, 1982).
relationship among the four major design parameters.
This suggests that engineering and economic concepts are 
interdependent. During the early stages of mine design 
engineers must quantitatively determine these parameters.
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In open-pit mining, several approaches have been 
developed to determine parameters such as mine size, cutoff 
grade, and ultimate pit limit, but in most of these cases 
the design process and economic analysis are separate 
proce dures.
The purpose of this study is to show how the mining 
engineer can use computer assisted open pit design 
techniques to determine cutoff grade, production rate, and 
pit limits in order to achieve an optimal design which can 
be tested utilizing incremental financial analysis. In this 
way the concepts of engineering design and economics are 
integrated into the objectives of the firm through the 
investment-decision process.
A basic literature review of the most important 
articles pertaining to this field is covered in Chapter 2. 
Chapter 3 addresses the formulation and establishment of the 
mine model. Chapter 4 describes the open-pit generation 
with the design parameters established. Chapter 5 explains 
computation of the annual cash flows for the different 
design scenarios. Chapter 6 is the analysis of the 
different pit designs utilizing incremental analysis. 
Conclusions and recommendations are provided in Chapter 7.
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CHAPTER 2 
REVIEW OF PREVIOUS WORK
INTRODUCTION
A literature search of previous work performed in the 
areas of determination of annual production rate, cutoff 
grade, and ultimate pit limits resulted in a considerable 
number of references. From these numerous references, the 
author decided to briefly discuss only those directly 
related to the subject areas of this study. These 
references generally can be divided into two groups:
1. Cutoff grade determination
2. Economic pit limits
CUTOFF GRADE DETERMINATION REFERENCES
One of the early papers addressing cutoff grade 
determination was published by Vicker (1961). Vicker 
advocated the application of marginal analysis to isolate 
the point in the relationship between cost and revenues 
where total profits are maximized for each variable change 
in ore reserves. Vicker states, "In essence we are 
dealing with a marginal concept in that we expect to add
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lower and lower grade ore until total profits cease to 
increase. Each unit of material which is added to the 
higher grade ore, when mined, produces increasingly higher 
costs per pound. At some point the up-scaling of additional 
cost must assuredly outweight the benefits received from the 
larger tonnages of the lower grade ore. Hence, the solution 
of such a problem refers itself inmediately to one of 
classical marginal analysis”.
In his work, Vicker established first the relationship 
between marginal and average revenue and marginal and 
average cost per pound of copper for a classical economic 
study. The most important point in this relationship is 
where the equilibrium position of the firm is reached (e.g. 
when the marginal cost and marginal revenues are equal). 
After Vicker established the general relationship, he 
adapted it to the particular case of cutoff grade in mining.
Vicker’s approach is more suitable for underground 
mining, because the method does not take into consideration 
waste blocks inside the deposit. Internal waste blocks can 
be left in-situ with most underground mining methods, but 
must be removed in surface mining; block removal costs must 
be considered in open pit mine design.
Lane (1964) authored a paper in which he incorporated a 
new idea into the cutoff grade theory. Lane divided the
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mining activities into three stages, mining, concentrating, 
and refining; next, he determined the cutoff grade for each 
stage. Lane stated that "each of the three stages alone 
limits the total capacity of the operation. These grades 
may be called the limiting economic grades".
In this approach, the optimum cutoff grade, according 
to specific conditions at a specific time during mining 
operations, lay between the three cutoff grades for each 
stage limitation. Another idea offered by Lane was that the 
cutoff grade changes during the life of the mine, and in 
order to maintain an optimum present value of the mining 
operation, it is necessary to have a declining cutoff grade 
over mine life. The work developed by Lane is more suitable 
to surface mining, but he explained that the method can also 
be used for underground mining.
Blackwell (1970), presented Lane’s work with a 
particular case study specifically applied to surface 
mining. In his work, Blackwell divided the mining 
activities into three stages: pit, concentrator, and market 
constraints. He formulated an algorithm and used the 
computer to determine the maximum net present value of the 
project as a result' of the declining cutoff grade.
Taylor (1972) presented a paper on cutoff grade 
determination in which he considered two cutoff grades:
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planning cutoff grade, and operational cutoff grade. 
According to Taylor, "planning cutoff grade is the cutoff 
grade needed to define geographically and quantitatively the 
potential ore limits, during exploration and at various 
stages before production starts. Operational cutoff grades 
are needed, when production starts, to define on a shorter-
range basis what parcels may contribute to unmined ore
reserves or to streams of broken ore". Taylor established 
the relationship between cutoff grade, average grade and 
tonnage using statistical analysis for several North 
American copper prospects. Continuing in his study, Taylor 
divided the mining process into three main stages -- similar 
to those advocated by Lane:
a) Making ore available, by development in an underground 
mine, or by stripping mining in an open pit.
b) Handling and treatment of selected ore.
c) Handling, treatment and marketing of product.
Taylor determined costs and profits for these three 
different stages using the formulae derived by Lane and 
subsequently used by Blackwell; he then plots the results 
obtaining the cutoff grade which he describes as follows: 
"From the three grades so selected, the middle value gives 
the overall optimum cutoff grade that will maximize the 
total undiscounted profit of the mineral inventory".
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Taylor’s theory on cutoff grade determination has 
two important characteristics; the average grade-tonnage 
relationship and the consideration of planning and operating 
cutoff grades.
Other papers have been written on the topic of cutoff- 
grade determination, but these are not discussed here 
because most of them are variations of the methods stated 
above. Two good reference papers which provide a complete 
description of the majority of papers written on this topic 
were developed by Taylor (1972) and Rudenno (1979).
ECONOMIC PIT LIMIT REFERENCES
Kim (1977) wrote one of the most complete papers 
regarding ultimate pit limit design, in which the different 
methods incorporating computer modeling techniques are 
reviewed and classified for a better understanding of ’’the 
state of the art" in this subject area.
Kim classifies the existing methods of economic pit 
limit design as "rigorous" optimizing techniques and 
heuristic techniques. He uses "heuristic" to describe an 
algorithm which works in nearly all cases but which lacks 
rigorous mathematical proof. Some heuristic algorithms will 
work in all cases under certain assumptions regarding 
possible pit geometries, (e.g., a convex pit).
ER-2905 10





4. Network flow 
Heuristic techniques:
1. Moving cone
2. Heuristic algorithm by Lemieux
3. Heuristic algorithm by Marino and Slama
4. Heuristic algorithm by Phillips
5. Heuristic algorithm by Korobov
6. Parametrizing function by Bongarcon and Marechal
In the ’’rigorous” optimizing techniques, the graph 
theory developed by Lerchs and Grossman in 1964 is perhaps 
the most used of the ’’rigorous” optimizing techniques; an 
example of its application is found in an article written 
by Milner (1977).
Dynamic programming is the second most popular of the 
’’rigorous" optimizing techniques. Several articles have 
been written in this area; some of the most relevant are 
Lerchs and Grossman (1964), Johnson and Mickle (1970), and 
Johnson and Sharpe (1971).
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Linear programming and network flow are the least used 
’’rigorous” optimizing techniques. Johnson (1969) wrote an 
article addressing use of the network flow technique to 
solve the ultimate pit limit problem; Meyer (1966) addressed 
the linear programming technique.
Barnes and Johnson (1982) published a paper describing 
the "rigorous” optimizing techniques where they concluded 
that: ” When used (optimizing techniques) in conjuction with 
an heuristic algorithm, the savings can be reinvested by 
trying multiple starting points or by investigating more 
complex combinations, thus, better results can be achieved 
for the same computational costs".
Perhaps the most popular and used heuristic technique 
in the mining industry for economic pit limit determination 
is the moving cone concept. This method starts by selecting 
an initial positive block at the deposit base, simulating 
the mining of an inverted "cone” shape which has a side 
slope equal to the pit slope angle of the ultimate pit. The 
blocks included inside the cone are the combinations of 
blocks that meet specified criteria, determining the pit 
configuration from the best economic solution. The authors 
who addressed the use of the moving cone concept are P an a 
(1965), Williams (1970), Carlson, et. al. (1966), and 
Crawford and Davey (1979). Crawford and Davey give a good
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description of the fundamentals of open pit limit analysis, 
focusing on the moving cone concept. They concluded, "In 
summary, uses of open pit limit analysis techniques are many 
and of diverse characters. They can be used to answer a 
broad range of open pit mine planning design questions. 
Digital computers have enabled their use to be realized on a 
practical basis".
Some variations of the moving cone concept have been 
introduced by Lemieux (1968, 1976, 1979). He states that his 
heuristic algorithm overcomes the shortcomings of the moving 
cone by considering the joint contribution of two ore blocks 
which are laterally separated by some distance.
The other "heuristic" moving cone algorithms by Korobov 
(1974), Marino and Slama (1972), and Phillips (1972) attack 
the ultimate pit limit problem differently; some of these 
algorithms are used by mining companies.
The latest concept for ultimate pit limit determination 
is the parametrization by Bongarcon and Marechal (1976) in 
which a parametrizing function is used to determine the 
ultimate pit limit using isovalue curves to give the 
resultant pit under a given set of economic constraints.
This technique is available for computer usage from Geomath, 
Inc.
In the area of cutoff grade, production rate, and
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economic pit limit determination, two papers are of 
particular interest because they combine economics and 
engineering concepts. These papers were developed by Lillico 
(1973) and Halls, Bellum and Lewis (1969).
In 1973 Lillico developed a marginal analysis with a 
variable cutoff grade strategy. The variable cutoff grade 
strategy suggested by Lillico is that the higher grade areas 
in a deposit should be mined first, in order to generate 
positive cash flows in the early stages of the project life. 
Lillico used some of the techniques addressed by Vickers in 
marginal analysis, placing emphasis on the time-value-of- 
money concept. In his work he addresses the marginal cost 
in defining break-even cutoff grade. He states that "ore 
reserves may include a quantity of marginal material which 
cannot support haulage costs, blasting, etc. This material 
can become ore only after the cost of mining is incurred, 
regardless of whether this marginal material is sent to the 
dump or the crusher”. Based on this concept, Lillico 
established the idea of two cutoff grades —  one mining 
cutoff grade used in pit design and another for the milling 
cutoff grade. The later represents the material that cannot 
support haulage costs, blasting costs, etc., but can become 
ore only after the cost of mining is incurred. In his 
article Lillico explains development of the variable cutoff
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grade strategy considering different capacities and the 
mining sequence.
The paper developed by Halls, Bellum and Lewis (1969) 
is one of the most interesting in the area of incremental 
analysis in surface mining. The authors describe first the 
classical method used to establish the breakeven cutoff 
grade for each block of material contained in a block model 
of the mineral deposit. Halls, Bellum and Lewis showed that 
the minimum profit in the form of depreciation is assigned 
to each block in order to calculate the cutoff grade.
According to Halls, Bellum and Lewis the principal 
limitations of using the classical approach to cutoff grade
S'
determination are: (1) only one ore reserve is computed and
one financial analysis carried out, without any comparison 
to other solutions; (2) the only practical way of 
determining unit depreciation for use in individual block 
evaluation is the straight-line method, which is not always 
the method that reduces the impact of taxation to a minimum; 
and (3) the use of a minimum after-tax profit for each block 
does not ensure that the summation of the profits from each 
block meet the corporate investment goals.
After these considerations, the authors suggest that an 
alternative to resolve the problem is to apply incremental 
financial analysis so that every incremental investment
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yields at least the corporate minimum acceptable rate of 
return. Halls, Bellum, and Lewis also introduced the 
concept of two cutoff grades -- one cutoff grade for mining 
and another cutoff grade for milling.
Johnson (1969) indicated that the cutoff grade is a 
very complex concept which is influenced by several factors 
such as operating and capital costs, ore price, 
metallurgical recovery, mine life, grade distribution and 
extraction schedule. Cutoff grade changes during the mine 
life because the above factors will most likely vary as 
mining progresses. However, during preliminary evaluation 
of mineral properties, there is insufficient information to 
define the cutoff grade in a dynamic sense, and use of a 
static cutoff grade can be justified.
In preliminary evaluation some of the factors that 
affect the cutoff grade are known and others must be 
determined or assumed. The operating and capital costs can 
be estimated as well as the average grade. Metallurgical 
recovery can be obtained from laboratory analysis and the 





In order to develop the case study, a block model from 
real deposit data was provided by a major U.S. mining 
company. To adapt the block model for this study and to 
protect the confidentiality of the deposit, the number of 
blocks in the east-west and south directions were extended. 
In addition, a new topography was generated and the location 
was changed to Colorado for evaluation purposes. Despite 
these alterations, the essential characteristics of the 
deposit are maintained. Working with real data is essential 
if the study results are to be realistic and representative 
of the actual deposit conditions.
GEOLOGIC CHARACTERISTICS OF OREBODY
The mineral deposit used to construct the block model 
is a molybdenum porphyry. The deposit contains 
approximately 180 drillholes. On surface the property 
contains a molybdenite vein zone that traverses 
approximately two miles. Mineralization occurs in early 
Cretaceous and ear1 y-to-middle Jurassic rocks, a series of 
intrusive rocks forming a granodiorite sheet, and Tertiary
ER-2905
intrusions. The molybdenite occurs in three forms: fine­
grained stockwork veinlets, cross-cutting, fine-grained 
banded quartz-molybdenite veins, and cross-cutting, coarse 
grained, quartz-molybdenite veins.
CONSTRUCTION OF THE MINERAL BLOCK MODEL
By extending the grade values using universal kriging 
all the data collected from the drilling program were used 
to construct the regular three-dimensional block model. 
This block model was then used to calculate the mineral 
inventory and ultimately to perform the design and 
evaluation of the mineral deposit.
Although the steps in constructing the block model 
are discussed below, the actual results from each step are 
not included for confidentiality purposes. The general 
steps followed by the company which constructed the block 
model are presented below.
1) Drillhole data entry.
2) Statistical analysis of the drillholes.
3) Drillhole compositing.




These activities are further discussed in the following 
sections.
Drill hole data entry
The assay values obtained from the drilling program are 
extremely valuable in the design process. Because this 
information constitutes the base for all economic studies 
normally performed, it is necessary to record it in a form 
which can be handled easily by the mine evaluator. Since 
the computer is good at data handling, essential information 
obtained from the exploration drilling program was entered 
into a computer data base. The information recorded in the 
data base was: elevation and coordinates of the drillhole
collar, azimuth and inclination at the collar and at each 
down-the-hole survey point, interval of each mineralized 
sample, length of each mineralized sample, molybdenum assay 
(% M0S2) of each sample, and rock type of each sample.
Statistical analysis of drill hole data
Statistical analysis has great value when a large 
amount of data is available. In ore reserve estimation 
statistical analysis is often used to obtain a meaningful 
understanding of deposit characteristics from the large 
amount of data. Some of the descriptive parameters
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determined via statistical analysis for this deposit were 
the mean, variance, standard deviation, coefficient of 
variation, and frequency distribution. These parameters 
were calculated in an attempt to better describe and 
understand the deposit identified by the drillhole assay 
values.
Drillhole compositing
The mineralized samples obtained from the drilling 
program varied in size, weight, and length because of 
physical characteristics of the rock and the actual 
mechanics of obtaining the samples. These samples are 
assumed to adequately represent the mineralized zone from 
which they were taken. In ore reserve estimation, the assay 
values of the samples are typically grouped into composite 
weighted average values to represent the appropiate "ore 
zone" within the orebody. The manner in which the assay 
values of the samples are composited depends on various 
geologic parameters of the deposit and on the mining method 
chosen. In molybdenum deposits, many of which are large, 
low-grade disseminated deposits amenable to surface mining 
techniques, the compositing length is often determined by 
the open pit bench height chosen for the mining system.
For the mine model in this study, the molybdenum values
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in each drillhole were composited to uniform vertical length 
in order to put all data on a consistent length basis. 
Starting from a common datum elevation, the portions of each 
assay contained within each vertical length were weighted by 
their length to produce one overall value for each vertical 
interval length. The interval length used to composite the 
drillhole assays was 50 feet. This compositing procedure 
removed problems of unequal sample lengths and inclined 
drillholes. The composited values were later used with 
kriging techniques in order to assign molybdenum grades to 
each block.
Statistical analysis on the composite data.
Statistical analysis was used to evaluate the composite 
data used to construct the block model. The mean, variance, 
standard deviation, coefficient of variation, and frequency 
distribution show uniformity or variability of the data in 
the composites.
Geostatistical analysis
Although George Matheron, one of the pioneers of 
geostatistics, published the "Theory of Regionalized 
Variables" in 1962, geostatistical methods of ore reserve 
estimation have been applied succesfully in the mining
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industry primarily within the last ten years.
The variogram is the principal tool of geostatistics.
It uses the concepts of continuity and zone of influence of 
the mineralization to describe the spatial correlation among 
grades within an ore deposit. Variogram studies were 
performed for this deposit using the drillhole composites 
previously generated for the deposit. The results of the 
variogram analyses were used later in conjunction with 
universal kriging techniques to assign grade values to the 
blocks.
Mine model
A mine block model was constructed to form a mineral 
inventory for the deposit. The blocks into which the 
deposit was divided were assigned estimated grade values 
with universal kriging as the extension method.
Kriging assigns a grade value to a block according to 
the location of the composites relative to the block and to 
each other. In general, composites closer to the block have 
greater weight than composites further away. Universal 
kriging adds the extra requirement that a characteristic 
assigned to the block must equal the weighted average of 
that characteristic for the composite.
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The block size used for the deposit was 50 x 50 ft in 
plan and 50 ft high. The volume occupied by each block was 
125,000 cubic feet, and the tonnage was 10,000 tons using a 
tonnage factor of 12.5 ft^/ton. The block model consisted 
of 120 blocks in the east-west direction from mine 
coordinates 12,750 to 18,750; 85 blocks in the north-south
direction from mine coordinates 16,000 to 20,250; and 32 
blocks (benches) between the elevations of 3,200 and 4,800 
feet above sea level.
The topography overlying a deposit is very important in 
surface mining, because it limits development of the pit 
design and determines the amount of overburden which must be 
removed in mining the deposit. Each block in the block 
model is assigned a value which classifies the block as 
being wholly or partially above or below the surface. This 
value is determined by the location of the block with 
respect to the topography.
Figure 3-1 is a topographic map of the deposit area.
As can be seen, the majority of the deposit area has 
moderate surface relief with the exception of some steeper 
topography in the north-central project area. The relative 
position of the deposit is soutlwest of the hill, the 































Geologic reserves, as opposed to mining reserves, can 
be obtained from the block model by simply utilizing 
computer data and assuming a cutoff grade. Geologic 
reserves at various cutoff grades for this particular 
deposit are summarized in Table 3.1 on the basis of number 
of blocks, percent above cutoff grade and average grade.
The volume data can be transformed to tonnage values using 
an appropiate tonnage factor and the size of the blocks.
The magnitude of the geologic reserves and associated 
average grades are shown graphically in Figure 3-2.
The grade-tonnage curve is very important during the pit 
design process because it provides information on the 
quantity of ore in the entire deposit; however, the grade- 
tonnage curve does not provide information on the location 
or mineability of the ore.
OPERATIONAL CHARACTERISTICS
In designing a mine, some operational aspects must be 
addressed to provide the framework for subsequent design 
parameters. After review of the geological characteristics 
and the grade-tonnage curve derived from the block model for 
this case study, it was assumed that this deposit was 




#BL0CKS TONNAGE * 
(MILLION)
%ABOVE CUTOFF AVERAGE 
GRADE(%)
0.000 23269. 232.690 100.000 0.15871
0.020 23249. 232.490 99.914 0.15884
0.040 23048. 230.480 99.050 0.15994
0.060 22262 . 222 .620 95.672 0.16374
0.080 20434. 204.340 87.816 0.17214
0.100 18149. 181.490 77.996 0.18251
0. 120 15102. 151.020 64.902 0.19712
0.140 12171 . 121 .710 52.306 0.21343
0. 160 9260. 92.600 39.795 0.23357
0.180 6897 . 68.970 29.640 0.25569
0.200 5130. 51.300 22.046 0.27867
0.220 3789. 37.890 16.283 0.30336
0. 240 2806. 28.060 12.059 0.32932
0.260 2136. 21.360 9.180 0.35452
0.280 1668. 16.680 7. 168 0.37844
0.300 1268. 12.680 5.449 0.40666
0. 320 1003. 10.030 4.310 0.43233
0.340 807 . 8.070 3.468 0.45747
0. 360 660. 6.600 2.836 0.48148
0.380 556 . 5.560 2.389 0.50246
* Tons/Block 50 x 50 x 50 x 1/12.5 ft^= 10,000 Tons/Block
TABLE 3.1 GEOLOGIC: RESERVES
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An operating mine life of 15 years was assumed, with 
350 working days per year for the mill. Mill recovery was 
estimated at 90%, a normal recovery for this type of 
deposit. The concentrate was assumed to be sold at the mill 
site in the form of Mo, with a 60% weight percentage of Mo 
per pound of MoS2*
The sales price per pound of Mo over the life of the 
mine operation is assumed to be $6.00 FOB mill site. 
Transforming this price from Mo to M 0S2 based on the above 
assumptions indicates that the equivalent price per pound of 
M 0 S2 is $3.24.
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CHAPTER 4
ECONOMIC PIT DESIGN USING THE MOVING CONE TECHNIQUE 
INTRODUCTION
One of the primary purposes of initial open pit mine 
design is to establish the total mineable ore reserves and 
the final pit limits in order to plan the physical plant, 
dump sites, and service facilities. Another purpose of 
initial pit design is to quantify project economics which 
requires the evaluation of numerous parameters. These 
parameters influence the corporate decision-making process.
Many different techniques are available for open pit 
mine design. Some of the most popular techniques are the 
Lerchs-Grossman graph theory algorithm and the moving cone 
concept. The Lerchs-Grossman algorithm provides a unique 
optimum pit for a given set of economic conditions. For this 
particular case study, the moving cone technique was 
utilized to design six pits for subsequent economic 
consideration. However, it should be noted that there are 
some problems with the moving cone technique. Primarily, 
the pits that are generated may not be optimum 
configurations. An illustration of how the moving cone 
might miss the optimum pit is shown in Figure 4-1. In the
coSss
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FIGURE 4-1 MOVING CONE LIMITATIONS
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figure, the mineralized blocks in cross section are shown. 
The values in each block represent the profit of the block. 
A block with a negative value is a waste block.
The first situation, shown in Figure 4-la, is the removal 
increment based on only one base block. Two blocks with 
positive values are at the bottom of this cross section. 
Neither one can profitable move the waste above it; but, 
when the two blocks are considered together, they can 
profitably mine the common waste above.
The second situation, shown in Figure 4-lb, is similar to 
the first situation; but here, the two blocks at the bottom 
are not adjacent to each other. In this situation, neither 
block can individually pay for the waste above it; but, 
together the blocks can be profitably mined because they 
share the cost of mining the waste common to them.
The third situation is the aggregation problem illustrated 
in Figure 4-lc. Considering the positive removal increment 
of the base block with value +$36, the profit of the 
increment is +$6. If the positive removal increment of the 
base block with value +$12 is mined instead, the profit of 
the increment is only +$2. This results because if the 
increment with base block value of +$36 is mined first and 
then the remaining increment with base block value of +$12 
is considered, the remaining increment has a value of -$4.
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This shows the care that must be used in selecting base 
blocks for analysis to ensure that all base blocks mined are 
profitable and are not being paid for by blocks higher in 
the pit.
However, even recognizing these problems, the moving 
cone technique is still a reasonable technique to use in pit 
design because, if property used, it produces a pit 
sufficient for preliminary evaluation purposes.
Economic pit design is only one step in the global 
process of open pit mine planning (reserves, production 
scheduling, financial and operational analysis), generally 
as an intermediate phase in reserve estimation. Initial 
economic pit design generally formulates the base for more 
detailed engineering design.
MOVING CONE TECHNIQUE
The theory associated with the moving cone technique 
consists of three basic principles: (1) economic block 
evaluation, (2) removal increment selection, and (3) pit 
limit generation. These principles are describe below.
Economic block evaluation, using regular 3D block 
modeling, is predicated on the assignment of a grade 
and tonnage for each block which allows the calculation of 
the total block value and the total block cost. This
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evaluation process classifies the block as either ore or 
waste. A typical economic block evaluation is shown below.
Ore : M 0S2
Percent grade : 0.18 = A
Percent recovery : 0.90 = B
Percent weight MO in M0S2 : 0.60 = C
Metal price : $6.00/lb. = D
Block tonnage : 10,000 Tons = E
Mining cost : $0.74/ton = F
Processing cost : $1.50/ton = G
Total block value as ore = A x B x C x D x E x  2000 lb._
Total block value = $116,640.00 
Total block cost = E x (F + G) =
Total block cost = $22,400
Total net value = Total block value - Total block cost 
Total net value as ore = $116,640.00 - $22,400.00 =
= $94,240.00
It should be realized that in operating the mine mining 
and processing costs will not be constant for each block in 
the deposit. These costs will vary with the location of the 
block, the geologic and metallurgical characteristics of the 
block, and the pattern of cost changes over time. For the 
preliminary evaluation, however, these differences are 
unknown and cannot be reliably estimated.
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For preliminary evaluation, the costs can be considered 
the same for all blocks unless reliable data exists to 
vary the costs. During subsequent detailed analyses, the 
costs can be modified as more information becomes available 
to calculate the cost differences.
In the simplest form of a moving cone concept, the net 
value of the block of ore is the total block value minus the 
total block cost. The block is considered to be mined if 
the total block value is higher than the total block cost. 
The positive difference between the total block value and 
the total block cost is the amount of money available for 
stripping and capital costs, since stripping and capital 
costs are not considered in the initial block calculation.
If the grade of a block is less than the grade used for 
separation between ore and waste, then the block is 
classified as waste. The cost of stripping a waste block is 
the block tonnage multiplied by the cost of mining 
(sometimes the cost of mining a waste block will be 
different than the cost of mining an ore block). In the 
example, it is:
Block cost as stripping = Block tonnage x mining cost.
Block cost as stripping = 10,000 tons x $0.74/ton =
= $7,400.00
By this calculation, each block on the regular 3D block
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model is assigned with a ’’dollar value” and the type of 
material is classified as ore or waste. Figure 4-2 shows a 
block model example after each block was assigned with a net 
value (’’dollar value") or block cost.
After the net block value or block cost is assigned for 
each block in the block model using the concept of economic 
block evaluation, some questions arise as to what is the 
most profitable mining configuration and what is the 
location of the pit bottom.
To answer these questions, the single block must be 
considered. In Figure 4-2 block 5-7-4 (column, row, level) 
is isolated for analysis. This base block, by economic 
block evaluation, is considered as ore, with a net value of 
$94,240.00 and therefore should be considered for 
extraction. In order to extract this block of ore it is 
necessary to remove the material above it, based on a pit 
shape of an inverted cone. The removal of this base block 
and the material above it constitutes the theory of the 
single cone. Figure 4-3 shows the single cone concept used 
for open pit mine design.
The economics of mining a given block of ore by 
removing an increment are determined by adding all the 
positive block values and all the negative waste costs above 
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FIGURE 4-3 SINGLE CONE FOR OPEN PIT DESIGN
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pit slope selected.
By using a specific area of the block model and the 
selected pit slope for block removal, a geometric shape of a 
single cone is generated. In reality this shape is an 
inverted frustrum. The material encompassed by the cone is 
the increment considered for removal. The area, slope and 
the radius necessary to start the search with the bottom of 
the cone are related to the topographic surface, mineral 
inventory and pit slope stability analysis.
Selection of the area for the bottom, radius and slope 
is very important for the evaluation of the sequence of 
removal increment since the single cone or frustrum is very 
difficult to match with the geometry of the deposit. This 
results because it is almost impossible to find a deposit 
that exactly conforms to the shape of a single cone. For 
this reason, this technique evolved into the concept of a 
multiple moving cone. With this approach a series of single 
cone removal increments are combined to conform with the 
specific geometry of the deposit.
All the blocks inside the single cone or removal 
increment are analysed in accordance with the economic block 
evaluation described previously. The net values assigned to 
the blocks which constitute the single cone are summed in 
order to provide a net value for the single cone. A
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positive net value per increment constitutes a mineable 
cone. All the single cones generated are evaluated and 
summed in order to determine the economic final pit limit.
COMPUTER PROGRAM FOR MOVING CONE
The theory of moving cones briefly discussed previously 
can be programmed to take advantage of iterative 
calculations, thus reducing a considerable amount of time 
required by a manual method. A moving cone program developed 
by Mintec, Inc. of Tucson, Arizona was used to design the 
various pits in this case study.
The program generates a cone upward to the surface, 
using an assigned pit slope angle, starting from a base 
within the block model. This base is formed by one or more 
blocks which are above the breakeven cutoff grade. All the 
blocks within the cone are evaluated to determine if they 
can be economically mined and processed. For the blocks in 
the cone that are above the cutoff grade, the costs of 
mining and processing are assessed. Only waste mining costs 
are assessed against the blocks below the cutoff grade. The 
total revenue for the cone is computed from the grade of the 
molybdenum contained in the blocks above cutoff grade. If 
the total revenues are higher than the total costs for the 
cone, the cone is considered economic to mine, and this
ER-2905 39
incremental cone is included in the design. At this point 
another cone is selected and analyzed on the same basis. If 
the incremental cone is uneconomic, it is automatically 
ignored and its blocks are made available to be ’'mined" by 
another cone. Evaluation of the incremental cones continues 
until all the base blocks are examined.
The program allows the engineer to select the sequence 
of checking cones in order to control and guide pit design. 
This method also enables the engineer to quickly design a 
series of pits and evaluate different areas within the ore 
body. The primary purpose of the economic pit design is to 
rapidly determine the size and shape of the pit based on 
actual economic criteria. These criteria can change from 
time to time during the life of the deposit. Consequently, 
it is continually possible to more accurately assess the 
physical and economic changes affecting the deposit.
COST ESTIMATION
In the initial stage of pit design, determination of 
the mining, processing and stripping costs to be used 
is an important task.
Various types and classifications of cost estimates 
exist in the industry in general, but Gentry & O’Neil (1984) 
describe a classification related most specifically to
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raining projects. This classification, along with the degree 
of accuracy, is as follow:
1.- Order of magnitude: -40% to +50% degree of accuracy.
2.- Preliminary: -10% to +40% degree of accuracy.
3.- Definitive: -10% to +15% degree of accuracy.
4.- Detailed: -5% to +10% degree of accuracy
According to this classification, the initial pit 
design for an evaluation purpose may be classified as a 
preliminary estimate.
The most significant variable which affects capital 
costs, operating costs and revenues in a mine operation is 
the daily tonnage of ore processed by the plant. The plant 
is projected to operate seven days per week with three 
shifts of eight hours each, while the mine operation is 
projected to work five days per week with only two shifts of 
production per day. This schedule leaves the mine equipment 
available for maintenace during the third shift and on 
weekends. These assumptions mean that the daily ore tonnage 
mined is 40% greater than the daily ore tonnage milled.
Prior to performing the necessary cost estimates for 
the model, a considerable amount of cost information was 
collected and different estimating methods analyzed. The 
method chosen for this case study was "Quick Guides to the 
Evaluation of Orebodies" by T. Alan O’Hara (1978). Since
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1978, costs have escalated over time. Therefore, to update
these past costs, cost indices were used as follows:
(cost now) = (cost then) x (cost index now)
(cost index then)
There are many different types of cost indices 
available to the estimator. For instance, there are 
Producer Price Indices (PPI), Marshall and Swift Cost 
Indices (M & S), Engineering News - Record (ENR), Chemical 
Engineering (CE), and Nelson Refinery Construction costs 
Index (NR). The cost index used in this study is 
Engineering News - Record (ENR),which is based on the cost 
of labor and building materials ; a list of this index from 
December, 1959 to August, 1983 is provided in Appendix A.
The O'Hara estimating approach is based on Canadian 
dollars. The exchange rate used to convert Canadian dollars 
(C$) to American dollars (US$) is C$0,877 = US$1.00, (this 
represents the average exchange rate in 1978 when this 
approach was computed).
The costs necessary to perform the moving cone 
technique are: operating cost to mine waste, operating cost
to mine ore and processing cost of ore. The mine operating 
and processing costs for ore are added to provide the total 
operating cost of ore. The costs calculated using the 
O’Hara technique are based on daily tonnage processed and
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daily tonnage mined. In order to calculate operating cost, 
it was estimated from the grade tonnage curve (described in 
Chapter 3), that 90% of the geologic reserves above a 
particular cutoff grade were mineable. With these mineable 
reserves and with a fixed mine life of 15 years and 350 days 
of production per year, a daily mine and plant tonnage was 
estimated for six different cutoff grades based on data from 
the grade-tonnage curve.
The formulae taken from O’Hara used to calculate 
appropriate costs are:
Operating mining costs:
Labor cost = C$58,363 Tp"0 *5 + 3.591 Tp"0 *3
Supply cost = C$13.40 Tp-0*5 + 1.24 Tp"0 *3 + 0.9 Tp"0 *2
Where Tp is tons of ore mined per day.
Processing Costs:
Labor cost = C$90.T~°’3
Supply cost = C$18.8 T"0,3
Where T is tons of ore processed per day.
The mining operating costs include drilling, blasting, 
loading and haulage. An allowance of 35% of basic wage was 
added to allow for fringe benefits. This allowance 
was also added to the operating costs of milling.
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Administration and general services costs
The costs of administration and general services are 
related to the labor force of mine and mill, and are 
relatively independent of the tonnage mined or milled.
In order to assess administration and general services 
costs, the following procedure was used.
Administration and general services operating costs per ton 
Total staff and crew of the mine and mil^l = Nm 
Number of open pit employees 
Drill and Blast = 0.075 ( T p ) ° A
Loading = 0.110 (Tp)°-^
Haulage = 0.035 (Tp)0 -7
Miscellaneous = 0.070 (Tp)°‘^
Maintenance = 0“. 210 (Tp)°*^
Mine Staff = 0.108 (Tp)0 *5
Number of men in mining = drill and blast + loading +
+ haulage + miscellaneous + maintenance + mine staff
Nm i n  m i n i n g  = 0.075(Tp)0-5 + O.llO(Tp)0 -5 + 0.035(Tp)0-7 +
+ 0.070(Tp)0 '5 + 0.210(Tp)0 -5 + 0.108(Tp)0 -5 
Where Tp is tons of ore mined per day.
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Number of men in milling = 1.06 ^
Where T is tons of ore milled per day
Total administrative and general = A + B + C + D +  E + F + G 
Where:
A = Electrical services wages = $68/day (0.03 Nm)
B = Surface plant services = $53/day (0.04 Nm)
C = General administration = $85/day (0.07 Nm)
D = Fringes = 35% of A + B + C
E = Utility power = 34.10 per ton
•p 0.5
F = Supplies general plant services = $6 * ** per day
G = General administration expenses = $4 Nm
In this calculation, power is included in general 
services and administrative costs, but in open pit 
operations most power is consumed in the process plant. 
General administration expenses include office and warehouse 
supplies, telephone, travel expenses, property taxes, 
insurance and legal, auditing and consulting fees.
Once the costs were obtained utilizing the O’Hara 
approach, they were compared with those provided to the 
author from a database compiled by a major mining company 
specializing in molybdenum mining. Comparison showed that 
the mining costs were almost identical for the production 
rates associated with the lower cutoff grades (i.e., 0.05 to
ER-2905 45
0.20% MoS2)« However, the calculated mining costs using 
O’Hara formulae were approximately 27% higher than those 
obtained from the data base for the production rates 
associated with cutoff-grade ranges from 0.25 to 0.30% M 0S2. 
Milling and general and administrative costs estimated by 
utilizing the O’Hara approach were essentially identical to 
those in the data base for the production rates associated 
with the higher cutoff grades (i.e., 0.15 to 0.30% M 0S 2). 
However, for the cutoff-grade ranges of 0.05 to 0.10% M 0S2 
the calculated costs were 18 to 46% lower than the costs 
provided to the author by the molybdenum mining company 
(Table 4.1).
A comparison of these costs suggests that the O’Hara 
approach is only reliable within the range of values 
identified by the curves. It appears that the O’Hara 
approach gives unreliable cost estimates when extrapolating 
beyond the limits identified by the curves. Therefore, the 
O’Hara approach was used only to estimate costs for 
parameters within the range of the curves. For cost 
estimates beyond the reliable limits of the O’Hara approach, 
the costs provided by the major mining company were used to 
complete the cost estimates necessary for this study.
Table 4.1 shows the costs obtained for six different
rates of production assumed for this study. These rates are
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based on reserves for six different cutoff grades obtained 
from the grade-tonnage curve described in Chapter 3. The 
production rates were calculated assuming a 90% recovery of 
geologic reserves; these reserves were annualized on the 
basis of the assumed 15-year mine life. Table 4.2 shows the 
final cost estimates used for this study. This table 
includes the reliable cost estimates calculated using the 
O'Hara approach and the cost estimates provided by the major 
mining company. Figures 4-4, 4-5, and 4-6 show operating
and administative costs from Table 4.2 as a function of the 
mining and milling capacities assumed for this study.
MOVING CONE PROGRAM, DIPPER SYSTEM
A series of programs (called the DIPPER system) 
developed by Mintec were used to create economically 
feasible pit designs using a condensed version of the mine 
model. The programs are also capable of producing plots of 
pit designs, calculating reserves and computing a mining 
schedule .
The series of DIPPER programs works with a special 
condensed matrix where the individual block values may be 
one of grade, mineral units, dollar value or percent ore.
The calculations may be performed in the imperial or 
metric system. The block model calculations may be in terms
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of volume (cubic meters or yards) or as tons (tonnes).
The economically feasible pits are designed by the 
DIPPER programs using whole blocks. This basis establishes 
that a block is either entirely inside or entirely outside 
of the pit designed.
The DIPPER program for economic pit designs requires 
determination of a series of parameters such as specified 
cutoff grades for mining and milling, pit slope angle, cost 
to extract waste, cost to mine, process and handle the ore, 
net value of the ore after processing, area to search with 
the cones, and the benches to search. The idea of the two 
cutoff grades, one for mill and another for mine, is based 
on the marginal cost of ore reserves. The mining cutoff 
grade refers to the lowest grade block that will generate 
enough revenue to exactly offset the costs of mining and 
processing that block.
Blocks with grades below this mining cutoff grade 
cannot be mined and milled economically and should be left 
in place. If a block must be moved in order to profitably 
mine ore deeper in the pit, the costs of mining that block 
are paid by the deeper material. Because the block must be 
moved, a decision must be made to move it to the waste dump 
or to process it. It was already determined that the block 
was not profitable to mine and mill, but since its mining
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cost was paid by the deeper ore and the block will be mined, 
it may be profitable to process the block. Only the costs 
of processing the block should be used for this decision.
If the revenue from processing this block offsets the costs 
of processing this block, the block should be processed.
The lowest grade of material that will offset the processing 
costs is the milling cutoff grade.
The mining cutoff grade is used by the program to 
determine valid blocks for the cone searching. If the block 
is below the mining cutoff grade, a cone will not be 
generated and evaluated from that block. Cones will only be 
generated upwards from blocks above the mining cutoff grade. 
Blocks from which cones are generated are called base 
blocks. Mining costs are calculated for all blocks within a 
cone but revenues and processing costs are only calculated 
for blocks with a grade above the mill cutoff grade.
, The idea of two cutoff grades is an option offered by 
the program in order to satisfy some users who adhere to 
this idea. For the case considered in this study, the 
preliminary evaluation contained little information for 
detailed cutoff grade determination; consequently only one 
cutoff grade for mining and milling was considered.
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PROCEDURE TO GENERATE ECONOMIC PIT LIMITS
The procedure used to generate economic pits was as 
follows:
1. Two files were prepared to contain the block values and
the surface information to be used during the process of pit
generation .
2. Grade values for each of the blocks in the three 
dimensional block model were condensed into one of the files 
in order to provide the information necessary to run the 
moving cone program. This condensation allows the entire 
block model to be handled in a manner which greatly reduces 
computing time.
3. Some sections and plan maps were printed and compared 
with the original block model to check if the process of
condensing the original block model was correct.
4. The block model was examined in order to set up the area 
and benches to start the searching. Economic parameters and 
the pit slope angle also were established.
5. The moving cone program was run with the criteria 
established above.
6. Sections and plan maps were printed to graphically 
indicate the extent of the different pits designed.
7. Cumulative reserves and reserves by benches were obtained 
for each pit design.
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Design parameters and results are explained in the 
following section.
DESIGN OF DIFFERENT PITS
For any set of parameters selected, a pit design can be 
generated which is the most economic for the particular set 
of assumptions used with the moving cone technique. Pits 
can be generated simulating changes in mineral prices, 
operating costs, capital costs, pit slope angles, and cutoff 
grades. Mining engineers, in the early stage of surface 
mining projects, are faced with uncertainties such as cutoff 
grade, production rate, ultimate pit limit, etc. These 
variables require the most accurate estimates possible. 
Accuracy can be improved by combining the economics of the 
moving cone technique with the project evaluation criteria.
In this particular case study, the moving cone computer 
program was run for six different sets of parameters. These 
parameters were based on six different cutoff grades 
selected from the grade-tonnage curve of the specific ore 
inventory described previously.
It is important to be familiar with the geologic and 
geometric characteristics of the deposit before attempting 
to execute the moving cone analysis. Because the moving 
cone technique designs a pit based on the sequence in which
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the base blocks are examined, this sequence is important. 
Poor attention to the selection of the area and level for 
generating the cones can result in higher computing costs 
and pit designs that do not approximate those which are 
economically optimal.
The cones that are evaluated all have a base block that 
is above the mining cutoff grade. Consequently, no cones 
were evaluated for blocks outside the limits of the orebody. 
For the model, base blocks between columns 21 and 60 in 
east-west direction and between rows north-south 26 and 85 
were evaluated. Blocks outside these limits were below the 
cutoff grade and were ignored in the search.
A visual analysis of the orebody in section and plan 
suggested that, due to the structure of the deposit and the 
distribution of the grade values, the pit designs could be 
performed in stages with final pit bottoms on levels 15,20, 
25, and 27. Each of these was checked in turn using six 
different cutoff grades.
Each pit design was given a two-character code to 
designate what cutoff grade and level were used for the 
final pit bottom. The first character is a letter from A to 
F for the cutoff grade. The second character was a number 
from 1 to A for the level of the final pit bottom.
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CUTOFF GRADE FINAL PIT BOTTOM (LEVELS)
% Mo S2
15 20 25 27
.30 A 1 A2 A3 A4
.25 B1 B2 B3 B4
. 20 Cl C2 C3 C4
. 15 D1 D2 D3 D4
. 10 El E2 E3 E4
.05 FI F2 F3 F4
TABLE 4.3 DESIGNATION OF PIT DESIGNS RELATIVE TO CUTOFF 
GRADE AND FINAL PIT BOTTOM.
Figure 4-7 illustrates the planned relationship of the 
various pit configurations for a given cutoff grade and 
different pit bottom levels.
The sets of parameters used are described in the 
following, with the exception of parameter sets A and B. No 
pit designs were generated with parameter sets A and B 
because no positive removal increments were found with the 
higher cutoff grades used in the base cone search.
The set of parameters used for pit designs in group C
are:
1. Minimum grade of mill feed (% MoS2) = 0.20
2. Minimum grade of base block (% MoS2) = 0.20






FIGURE 4-6 PLANNED RELATIONSHIP OF THE VARIOUS PIT 
CONFIGURATIONS FOR A GIVEN CUTOFF GRADE 
AND DIFFERENT PIT BOTTOM LEVELS
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4. Ore operating costs, $/ton
5. Net value, $/pound of Mo
6. Tangent of pit slope angle
7. Radius of mine base block
8. Ore "Tonnage factor", cu ft/ton
9. Waste "Tonnage factor", cu ft/ton
The set of parameters used for pit
ar e :
1. Minimum grade of mill feed (% M0S2 )
2. Minimum grade of base block (% M0S2 )
3. Waste mining cost, $/ton
4. Ore operating costs, $/ton
5. Net value, $/pound of Mo
6. Tangent of pit slope angle
7. Radius of mine base block
8. Ore "Tonnage Factor", cu ft/ton
9. Waste "Tonnage Factor", cu ft/ton
The set of parameters used for pit
ar e:
1. Minimum grade of mill feed (% M0S2)
2. Minimum grade of base block (% M0S2)
3. Waste mining cost, $/ton
4. Ore operating costs, $/ton
= 4*95
= 3.24




designs of group D
= 0.15
= 0. 15
=  1 .00 
= 3.66
= 3.24




designs of group E
=  0.10 




5. Net value, $/pound of Mo = 3.24
6. Tangent of pit slope angle = 1.00
7. Radius of mine base block = 25.00
8. Ore "Tonnage Factor”, cu ft/ton = 12.50
9. Waste ’’Tonnage Factor”, cu ft/ton = 12.50
The set of parameters used for pit designs of group F
ar e :
1. Minimum grade of mill feed (% M0S2) = 0.05
2. Minimum grade of base block (% M0S2) = 0.05
3. Waste Mining cost, $/ton = 0.74
4. Ore operating costs, $/ton = 3.30
5. Net value, $/pound of Mo = 3.24
6. Tangent of pit slope angle = 1.00
7. Radius of mine base block = 25.00
8. Ore ’’tonnage factor", cu ft/ton = 12.50
9. Waste "tonnage factor”, cu ft/ton = 12.50
The area specifications used for the four groups C, D, 
E, and F are;
Area specifications for pass #1 = Cl, D1, El, FI.
Levels = 9  to 15 Bench #15 = 4050 ft.
East/West = 21 to 60
North/South = 26 to 85
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Area specifications for pass #2 = C2, D2, E2, F2.
Levels = 16 to 20 Bench #20 = 3800 ft.
East/West = 21 to 60
North/South = 26 to 85
Area specifications f or pass #3 = C3, D3, E3, F3.
Levels = 21 to 25 Bench #25 = 3550 ft.
East/West = 21 to 60
North/ South = 26 to 85
Area specifications f or pass #4 11 0 * D4, E4, F 4.
Levels = 26 to 27 Bench #27 = 3450 ft.
East/West = 21 to 60
North/South = 26 to 85
Some blocks on levels 28 and 29 show grade values equal 
to or greater than 0.10 and 0.05% of M0S2 respectively, 
which are the cutoff grades used to generate pit designs E 
and F. These values necessitated another run of the 
moving cone program. However, no positive cone increment 
was found during this run, thus maintaining level 27 as the 
pit bottom.
RESULTS OF MOVING CONE
The moving cone program outputs a summary of the number 
of base blocks examined and base blocks mined, net revenue, 
number of waste blocks mined and number of ore blocks mined,
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average value per ore block, average grade per ore block, 
short tons of ore and waste mined, and the average stripping 
ratio. Average value in the summary is the net revenue per 
block of ore mined. This summary is very useful because it 
gives the information needed to generate pit design in 
accordance with the various design and economic criteria 
specified.
Graphical representation of this information is often 
very helpful to the design engineer. Maps and sections, 
when generated by hand, are very time consuming, but with 
the use of the computer, compilation time can be reduced 
considerably. Contour maps by pit level and sections 
through the pits are included with each design summary. A 
section through the center of the pit was selected to show 
the results of the pit design. This is an east-west 
section, looking north, at 18000 N. It is referred to as 
E 18000 W.
Figures B-l thru B-32 .in Appendix B show the pit 
designs, data summaries and cross sections generated for 
this study.
Another set of pits was designed lowering the cutoff 
grade from 0.05% M 0S2 to 0.04% M 0S2; these are not included 
in this study because the changes in geologic and mineable 
reserves, production rate, costs and results, are not
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significantly different from those using the 0.05% M 0S2 
cutoff grade
Other information which may be obtained from these pit 
designs is a le vel-by-level summary of the ore tonnage, 
grade, waste tonnage and stripping ratio. A summary of 
cumulative reserves is also available. These summaries 
represent the blocks contained in each particular cone or 
ultimate pit limit generated for a specific set of 
parameters. The summaries for this particular case study 
are included in Appendix C.
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CHAPTER 5 
CONSTRUCTION OF THE CASH FLOW MODEL
CASH FLOW ELEMENTS
A cash flow analysis relates the expenditures 
associated with an investment to the subsequent revenues or 
benefits generated from that investment. "Cash flows are 
normally calculated on an annual basis for evaluation 
purposes and are determined by substracting annual outflows 
from annual inflows resulting from the investment" (Gentry, 
1979) .
In project evaluation, cash flow modeling is used to 
simulate the project economics which influence project 
performance throughout its life. The principal parameters 
simulated are capital investment, operating expenses and 
revenues. These parameter estimates must be as realistic 
as possible if results are to be accurate.
Project evaluation, as utilized in this case study, is 
divided into two parts. The first part is the construction 
of annual cash flow models of the mining project. The second 
part is the analysis and evaluation of the annual cash flow 
results relative to corporate investment decisions.
The cash flow model must take into account all capital
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investment expenditures, anticipated operating costs and 
revenues, and the appropiate tax structures.
Factors for consideration in a cash flow analysis for 
mining properties are shown on Table 5.1 (Laing, 1976). 
Tables 5.2 and 5.3 show the elements of a cash flow analysis
where the cash flows are divided into two periods___
preproduction period and production period. The 
preproduction cash flow table (Table 5.2) lists capital 
expenditures and their tax ramifications. Also listed is 
the actual cash generated before mine start up. The 
production cash flow table (Table 5.3) shows the primary 
line items in a normal pro-forma income statement.
These cash flow items will be discussed along with 
the pertinent assumptions associated with the model.
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Preproduction Period
Exploration expenses Land and mineral rights
Water rights Environmental costs
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TABLE 5.1 FACTORS FOR CONSIDERATION IN CASH FLOW ANALYSIS 
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TABLE 5.3 COMPONENTS OF ANNUAL CASH FLOW CALCULATION
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TYPE OF COMPANY
In project evaluation, the type of operating 
organization is important because the treatment of 
expenditures varies according to the firm’s tax structure.
In this case study, the operating company considered has 
substantial federal taxable income, and this project is the 
first and only in Colorado. Therefore, it is assumed that 
this project represents a division within a profitable 
corporation. This corporate structure enables the company 
to expense most costs whenever possible and generate tax 
savings during the preproduction period, but only at the 
federal level.
INVESTMENT SCHEDULE
The entire preproduction period can be sub-divided into 
three different and distinct categories. The categories are 
detailed exploration, property acquisition, and development 
expenditures. A representative schedule of activities was 
constructed and is illustrated in Table 5.4. Each case study 
has the same number of preproduction years and the same 
starting year. This simplifying assumption enables a more 
direct economic comparison of projects for investment 
decision making.
The preproduction period schedule, as shown in
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Table 5.A, shows the first two years for detailed 
exploration work.
In the second year a property acquisition cost is 
incurred. Following, there are 5 years for development 
expenditures for a total of 7 years in the preproduction 
period.
YEAR
1 2 3 A 5 6
EXPLORATION * *
PROPERTY ACQUISITION *
DEVELOPMENT * * * *
TABLE 5.A SCHEDULE OF ASSUMED PREPRODUCTION PERIOD
Exploration Expenditures
Exploration refers to the activities performed in order 
to determine the location, size, extent, quality and 
quantity of a mineral occurrence. Exploration costs are 
those incurred prior to any development of the deposit.
The IRS allows the firm to choose between two separate 
methods in accounting for exploration expenditures: 
capitalize exploration costs into the depletion account and 
allocate over time as production occurs, or treat 
exploration costs as annual expenses.
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The final, detailed exploration period, including 
mapping, drilling and process testing, for this case study 
was assumed to be completed in two years. These 
expenditures are estimated at $1,500,000 in the first year 
and $1,000,000 in the second year.
Because of the assumed corporate structure mentioned 
previously, exploration costs are expensed in the year they 
are incurred. The Tax Equity and Fiscal Responsibility Act 
of 1982 allows only 85% of the exploration and development 
expenditures to be deducted in the year they are actually 
incurred. The remaining 15% is eligible for investment tax 
credit at the full 10% rate over a period Of five years 
beginning in the year the cost was incurred in the following 
proportions: 2.25% in the first year, 3.30% in the second
year and 3.15% in the remaining three years.
Property Acquisition -
The property acquisition expenditure is the amount of 
money paid to another person or entity for mining rights to 
the mineral deposit. The cost of property acquisition is 
important in the cash flow analysis, because it is a primary 
component of the depletion account which controls unit 
depletion allowances for each year of operation.
The property acquisition cost is estimated at
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$2,000,000 in year two of the preproduction period.
Development Expenditures
Mine development expenditures are those expenses 
necessary to provide access to the orebody and prepare it 
for production.
In the case study, development costs consist of site 
preparation, preproduction stripping cost, plant site 
clearing and mass excavation, and depreciable capital assets 
for mine and mill.
Sometimes expenses necessary to expand production from 
an orebody are considered as development expenditures. 
However, this was not the case for this analysis. The 
treatment of development expenses is in accordance with the 
Tax Equity and Fiscal Responsibility Act of 1982 (TEFRA). 
Under this act the maximum amount of development 
expenditures which can be expensed in any one year is 85%. 
The remaining 15% must be amortized over five years 
beginning in the year the expense was declared, and the tax 
credit is claimed at the full 10% rate for this remaining 
amount, deducting 2.25% in the first year, 3.30% in the 
second year and 3.15% in the remaining three years.
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DEPRECIABLE CAPITAL COSTS
The depreciation allowance is a deduction over a period 
of years for use, deterioration, wear and tear of 
depreciable assets used in generating income for the 
project.
Depreciable assets for a mining project under the 
existing tax statutes are grouped into either personal 
or real property, and the method used to calculate annual 
depreciation allowances is specified in the Accelerated Cost 
Recovery System (ACRS) guidelines of the Economic Recovery 
Tax of 1981 (ERTA).
Mine and mill equipment are considered personal 
property and depreciated over a five-year period. In the 
case study, an additional replacement of mine equipment is 
assumed in production years 6 and 11. Mine and mill 
buildings are considered real property and depreciated 
according to ACRS regulations over a period of 15 years.
PREPRODUCTION COST ESTIMATES
Preproduction costs were calculated in the same manner 
as for the pit design using the O’Hara approach for cost 
estimation. These costs were adjusted from Canadian to 
American dollars and updated from 1978 to 1983 using cost 
indices as previously discussed.
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The formulae used to calculate preproduction costs are 
as follows where:
Tp = Tonnage of ore and waste mined daily.
To = Tons of overburden.
T = Tons of ore processed daily
Site Preparation =
C$5000 Tp^’~*(for rugged topography & heavy trees) 
Preproduction Stripping Cost =
C$8500 To0 *5
The material to be stripped is assumed to be rock and 
removed through drilling, blasting, loading and haulage.
The preproduction tonnage was estimated using the assumption 
that the stripping operation must be at least six months 
ahead of the production operation. The amount of ore that 
needs to be exposed was calculated. This amount was 
compared with the tables of cumulatives reserves (Appendix 
C) to determine the uppermost level containing a quantity of 
ore equal to that amount. The amount of waste material
necessary to be moved to expose this quantity of ore became
the preproduction tonnage.
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Open pit Equipment cost =
C$6000 Tp° *7 + C$5000 Tp0 *5
The open pit capital equipment cost is calculated as a 
function of the tons of ore and waste mined daily.
Open pit maintenance facilities =
C$150,000 Tp0 -3
Plant site clearing and mass excavation =
Where Fs is a factor for the type of topography. In the case 
study, a factor of 1.5 was used for moderate slopes.
Concrete foundation and detailed excavation =
C$20,000°-5Fc
Fc is a factor for the site where the concrete is poured.
A factor of 1.0 is assumed for concrete poured to solid 
rock .
C$40,000 T° * 3Fs
Crushing plant, coarse ore storage and conveyors =
C$45,000 T0 *5
This cost is a function of the tons of ore milled per day.
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Concentrator building =
C$30,000 T° * 5Fcl
Fcl is a factor for the regional climate and winter 
snowload; the assumption made is that the plant site is 
in a region with cold climate and moderate snowfall. The 
value of Fcl for this type of region is 1.8.
Grinding section and fine ore storage =
C$8,000 T°*7Fg
Fg is a factor for the type of ore to be ground; the
value used for the cost estimation is 1.5. This corresponds
to a medium ore with a work index of about 15.
Flotation section =
C$2,500 T° * 7Fp
Fp is a factor for the type of mineral separation used. For 
molybdenum a Fp value of 1.6 is used.
Thickening and filtering section =
C$5,000 Ff T0 *5
Ff is a factor for the volume of concentrates to be 
thickened and filtered. The factor used to calculate the 
capital cost of the thickening and filtering section is 1.6.
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Concentrate storage and loading =
C$4,000 Tc0 *8 
Tc = T x Ps
Tc is the tonnage of concentrate. T is tonnage milled per 
day and Ps is the pounds of saleable MoS2/Ton.
Electric power supply and distribution
The electric power supply is assumed to be provided by 
an existing utility through an extended transmission line 
and a transformer station.
The cost of the utility substation is =
C $ 35 J (Kw)0*8 
Where :
Kw = Peak load in Kw = 136 T
The cost for the line is $60,000 per mile and 20 miles of 
line is estimated as a cost of C$1,200,000.
Tailings storage =
C$8,000 T
This cost includes capital costs of pipelines and pumps 




Most of the process water is assumed to be available
through reclamation. The cost of pipelines and water pumps
are given by O’Hara in terms of gallons per minute (GPM). 
The length of the pipeline is estimated at 5 miles. The 
following formulae were used to calculate the capital cost 
of water supply.
GPM (Reclaim water) = 0.026 T^*^
Cost per mile of pipe = C$350 (GPM)^*^
Cost of reclaim water pumps = C$3,000 (GPM)^*^
Capital Costs of General Plant Services:
These costs include those of constructing and
equipping the general administration offices, general 
warehouse, maintenance shops for mill and surface 
facilities, and security construction costs. In the O’Hara 
approach the capital costs of general plant services are 
related to the total number of employees in the company. 
This cost was calculated using the following formulae:
Cost of general plant services = C$8,000 
Number of employees = N = Nm mining + Nm milling
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Nm mining = 0.075(Tp)0*5 + O.llO(Tp)0 *5 + 0.035 (Tp)0*7 
+ 0.070 (Tp)0 *5 + 0.210(Tp)° *5 + 0.108(Tp)0 *5
Nm milling = 1.06 T0,5
CAPITAL COSTS FOR PIT DESIGN
The costs were categorized into personal property, real 
property and development expenses and are shown in Table 
5.5. A summary of the capital costs estimated for the four 
pit designs generated in this study are shown in 
Tables 5.6 - 5.9. The preproduction stripping cost, for 
cash flow generation purposes, was divided into five years, 
which is the time assumed to complete the pre-stripping 
work .
REVENUE
Mine revenue is calculated by multiplying concentrate 
tonnage by the price of molybdenite concentrate at the mill 
site. The molybdenite concentrate price is estimated at 
$6.00 per pound of molybdenum contained. Concentrate 
tonnage is equal to ore tonnage multiplied by average grade, 
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Royalty is the payment made to entities having an 
economic interest in the property, generally it is assessed 
as a percentage of net smelter return (NSR). A 5 percent 
NSR is assumed to be paid during the production period.
This 5 percent NSR is equal to 5 percent of mine revenues 
because the common deductions of transportation and smelting 
charges were not considered in the study.
PRODUCTION COSTS
The costs necessary to maintain daily production are 
calculated under the categories of mining cost, processing 
cost, and general and administrative cost. Mining cost is 
the same for ore and waste. Processing cost includes all 
the costs of the operations necessary in the process plant 
to obtain the concentrate. General and administrative costs 
include all overhead costs.
Mining and processing costs are in $/ton and general 
and administrative costs are in $/years. All these costs 
are explained in Chapter A; they were used for pit 
generation.
PROPERTY TAX
Property tax, sometimes called ad valorem tax, is one
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of the most common types of state tax. Property tax in 
Colorado is assessed on personal and real property and on 
ore sales.
Colorado assesses personal and real property at 30% of 
the actual value of the property. In Colorado, the taxable 
actual value for real and personal property is determined by 
appraising the property to its base year value. The 
appraisal used, is the replacement value minus straight-line 
depreciation for each year of use. The tax is then 
determined by multiplying the total assessed value by the 
mill levy. In Colorado the mill levy changes from county 
to county, but in this case study the mill levy used is 85 
mills which corresponds to the mill levy applied by 
Jefferson county.
The property tax on ore sales in Colorado is assessed 
at a value equal to 25 percent of gross proceeds or 100 
percent of net proceeds, whichever is greater. Gross 
proceeds are defined as the gross value of the ore produced 
minus treatment, reduction, transportation and sales cost at 
the mine mouth. Net proceeds is equal to the gross proceeds 
minus all costs associated with extraction of the ore. In 
Colorado royalties are not deductible in any case.
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SEVERANCE TAX
Colorado imposes a severance tax on metallic minerals, 
coal, oil shale and molybdenum. The severance tax levied on 
metallic mining operations is based on the gross income of 
the operation. It is imposed at 2.25% of gross income 
exceeding $11,000,000. A credit, up to a limit of fifty 
percent of the tax liability is allowed for property taxes 
paid .
For molybdenum ore, severance tax is imposed on 
production at a rate of $0.15 per ton.
INCOME TAX
The income tax in Colorado is levied at 5 percent of 
net income derived from sources within the State. Colorado 
uses the same procedure for the deductions made as the 
federal corporate income tax. Normal deductions allowable 
to determine taxable income in Colorado are royalties, 
operating costs, depreciation, property tax, severance tax, 
exploration and development expenses carried forward into 
the production period, and depletion allowance.
DEPLETION
In order to recognize that mineral, oil and gas are 
nonrenewable assets which are depleted through production,
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the US Government permits a depletion allowance to be 
deducted prior to the calculation of federal taxable income. 
For mineral resources the depletion allowance is calculated 
and claimed by either of two methods, whichever gives the 
largest amount for pre-tax deduction. It is permissible to 
change methods from year to year. The two methods for 
calculating the depletion allowance are statutory depletion 
and cost depletion.
Statutory percentage depletion is the lesser of fifty 
percent of net income or a percentage of net revenue minus 
royalties. Fifty percent of net income is equal to fifty 
percent of revenues minus royalties, operating costs, state 
taxes, and depreciation. The statutory percentage rates 
established by the US Government for minerals vary depending 
on the specific mineral produced. For molybdenum the 
percentage depletion rate is 22 percent.
Cost depletion is based on the cost of the property, 
non-expensed exploration costs, number of units of mineral 
sold during the year and reserves available in the deposit 
at the end of the year. Cost depletion is calculated by 
multiplying the adjusted basis, which is equivalent to all 
property acquisition costs plus capitalized exploration 
costs, by the tons mined during the year divided by 
remaining reserves. The adjusted basis is reduced each
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year by the depletion allowance claimed.
FEDERAL INCOME TAX
A rate of forty-six percent is imposed on all federal 
taxable income.
MINIMUM TAX
Minimum tax is a federal tax which is in addition to 
the regular income tax. The minimum tax was established to 
compensate the US Government for the benefits received by 
the taxpayer on certain tax preference items, such as 
accelerated depreciation on real property, amortization of 
certified pollution control facilities, minerals depletion 
and exploration and development deductions. In this 
particular case study, a federal minimum tax of fifteen 
percent was applied to the excess of the tax preference 
items of accelerated depreciation of real property and 
mineral depletion. This tax is applied beginning in the 
preproduction period, in accordance with the type of 
corporate tax structure used in the model.
INVESTMENT TAX CREDIT
The investment tax credit, a reduction allowed in the 
Federal taxes in the year that the investment is made, is an
ER-2905 90
incentive for businesses to invest in depreciable assets.
The requirements to qualify for Investment Tax Credit are: 
the asset must be depreciable and placed in service during 
the year, it must have a useful life of no less than three 
years, and the asset must be personal or real property other 
than buildings.
The investment tax credit is based on different 
percentage rates according to the life of the asset. If the 
useful life of the asset is less than 3 years, investment 
credit is not allowed. For assets with a useful life of 
three to five years, the credit is 10 percent on 60 percent 
of the investment. If the asset has a useful life of five 
years or more, the investment tax credit is ten percent of 
the entire investment.
The investment tax credit may be carried back three 
years and forward fifteen years.
In the cash flow models under consideration in this 
case study, all personal property qualifies for the ten 
percent investment tax credit. The calculation begins in 
the preproduction period, in accordance with the type of 
corporate tax structure used in the model.
CAPITAL EXPENDITURES
Capital expenditures represent costs incurred for
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personal and real property. The capital expenditures made 
during the preproduction period are detailed under the line 
items of mine and mill buildings for real property and mine 
and mill equipment for personal property. The depreciation 
during this period is added to amortization of exploration 
and development costs and is shown under the line item of 
amortization. Depreciation is shown separately during the 
production period and details concerning the method of 
calculation were explained previously in this chapter under 
’’depreciable capital costs".
Capital expenditures in the cash flow model during the 
production period include costs incurred for personal and 
real property after production start up. In the cash flow 
model of the case study, the costs under capital 
expenditures correspond to the replacement of equipment 
which is assumed to be replaced in years 6 and 11 of the 
production period.
WORKING CAPITAL
Working capital represents the amount of money 
necessary to cover operating costs during a portion of the 
project’s life. Working capital consists of cash, 
inventories (parts, supplies and concentrate), and accounts 
receivable.
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Working capital, in the cash flow model, was estimated 
at four months of operating costs. It was allocated to the 
last year of the preproduction period before production 
start up. The account is maintained during the production 





Capital investment in the mining industry in the last 
decade has become more risky because of ever-increasing 
capital costs, making the investment decision by the 
corporate manager of the mining firm more difficult. 
According to Gentry & O’Neil (1984), "The objective of the 
firm should be to maximize its value to its owners 
(stockholders’ wealth)". The mining company, like any other 
business concern, must choose among alternative investment 
opportunities in order to maximize shareholder wealth. In 
the mining industry, mine design is a key element in 
determining project profitability and requires both 
technical and financial analysis in order to meet the 
objective of the firm.
Alternative pit designs, using the various parameters 
established for variables such as cutoff grade, annual 
production rate,etc., could be considered mutually exclusive 
alternatives. Alternative pit designs have different 
capital investment requirements and associated project 
economics. Incremental financial analysis can be performed 
on these alternatives to find the pit design that maximizes
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project economics. The selection of an economic pit design, 
using incremental financial analysis, implies that the 
parameters used in the process of design are also the 
parameters which satisfy the objectives of the firm. In 
this chapter the concept of incremental financial analysis 
is applied to alternative pit designs generated for the case 
study.
EVALUATION INVESTMENT METHODS
Mine evaluators may use discounted or non-discounted 
evaluation criteria in making investment decisions. 
Discounted methods are typically used in the mining 
industry, because they take into consideration the time 
value of money. The discounted methods most commonly used 
are net present value (NPV), internal rate of return (IRR), 
wealth growth rate (WGR), discounted payback (DPB), and 
growth rate of return (GRR).
It is important to note, however, that these methods of 
project evaluation are only aids to the evaluator in the 
decision making process. Their results cannot be used as 
absolute values to substitute for sound judgment concerning 
other engineering and economic parameters involved in 
investment decision making. They should be used as another 
piece of benefiqial information within the whole process of
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making capital-budgeting decisions at the corporate level.
In this particular case study, the evaluation criteria 
selected for project evaluation are net present value (NPV) 
and internal rate of return (IRR), because these two are 
very popular in the mineral industry.
Net present value (NPV)
The net present value method is based on the use of 
present values of annual cash flows generated by the 
project. NPV is simply the difference between the present 
values of annual positive cash flows (inflows) and negative 
cash flows (outflows) generated by the project. In order to 
apply NPV, a discount rate (also referred to as the hurdle 
rate) has to be specified. The discount rate is generally 
considered to be that rate at which the firm can borrow and 
reinvest capital funds. In project evaluation, the 
accept/reject criteria is to accept those projects which 
have positive net present value based on the discount rate 
selected.
Internal rate of return (IRR)
The internal rate of return is defined as the interest 
rate that equates the sum of the present value of project 
inflows with the sum of the present value of project
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outflows. At this point the net present value of the 
project is zero. To use IRR in project evaluation, one 
accepts those projects with an IRR higher than the hurdle 
rate required by the firm.
MUTUALLY EXCLUSIVE ALTERNATIVES
One of the common problems associated with capital 
budgeting and investment decision making is the need 
to choose only one project from a series of projects, all of 
which meet the requirements of the firm. When only one 
alternative can be selected from several investment 
alternatives, they are referred to as mutually exclusive 
alternatives.
IRR and NPV for mutually exclusive alternatives
Some inconsistent investment decisions can arise when 
evaluating projects using net present value and internal 
rate of return. "The internal rate of return and the 
present value methods provide identical accept/reject 
answers for a single investment proposal. However it is 
important to recognize that these two discounted cash flow 
techniques can give contradictory results when comparing 
mutually exclusive projects (only one can be selected) 
(Gentry & O’Neil, 1984). They establish that the
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contradictory results between internal rate of return and 
net present value are due to the difference in the 
assumptions on the reinvestment rates for cash funds 
generated by the project. The present value method assumes 
the funds generated by the project can be reinvested at the 
same rate as the required rate of return; the internal rate 
of return method assumes these funds can be reinvested at 
the IRR generated over the life of the project.
Mutually exclusive alternatives having unequal investment 
When comparing mutually exclusive investment proposal 
alternatives, there are two main principles which should 
apply. These are as follows (Canada, 1971, pg . 62):
1. Each increment of investment capital must justify itself.
2. Compare a higher investment project against a lower 
investment only if the lower investment project is 
justified .
Based on these principles the criterion for choosing 
between investment proposal alternatives then becomes: 
"select the proposal which requires the highest investment 
for which each increment of invested capital is justified". 
(Gentry & O ’Neil, 1984).
The above main principles are very important when 
comparing projects, because the evaluator needs to select
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the project that requires the highest capital investment for 
which each increment of capital investment is justified.
The bigger the capital cost for a given rate of return, the 
better the project is, because that project will generate 
more wealth to the firm.
INCREMENTAL ANALYSIS
Incremental analysis can help the mine evaluator make 
the correct investment decision when mutually exclusive 
alternatives selection arises. Incremental financial 
analysis.refers to the analysis of the economic differences 
between alternatives. The main idea in incremental analysis 
is that each increment of capital investment must justify 
itself by generating at least the hurdle rate established by 
the company. Thus, incremental financial analysis can be 
used to evaluate mutually exclusive projects on the basis of 
economic differences. Finally, the alternative selected 
should contribute to wealth maximization of the firm.
The procedure for analysis of investment alternatives 
using incremental analysis is to: 1) calculate the annual
after-tax cash flows for each alternative, 2) calculate, 
based on the after tax cash flows, the net present value and 
internal rate of return evaluation criteria for each 
alternative 3) calculate the incremental annual cash flows
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between the larger and the smaller investment alternative, 
4) perform the internal rate of return analysis based on 
incremental cash flows generated in step 3, and 5) compare 
the incremental internal rate of return with the required 
corporate hurdle rate. If the internal rate of return 
calculated on the incremental investment exceeds the firm’s 
required hurdle rate, the analysis suggests that the larger 
project should be accepted since the incremental capital 
increase is justified.
OPEN-PIT DESIGNS ALTERNATIVES
In surface mining, changes in cutoff grades and 
production rates are reflected in various costs such as: 
mine and mill capital costs, development costs, operating 
costs, and working capital costs. If several pits are 
designed with different cutoff grades and production rates, 
the economics of each pit can be evaluated and an optimum 
design selected (mutually exclusive alternatives). The pit 
selected should contribute most to wealth maximization of 
the firm; this can be ensured using incremental analysis.
For this study, several pits were designed using the 
moving cone concept in accordance with the engineering and 
economic parameters established and discussed in Chapter 4. 
Six series of pits were designed based primarily on six
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different cutoff grades. For each series of pits generated 
from each different cutoff grade, four pits were designed 
for four different elevations which correspond to levels of 
the block models, as suggested by visual analysis of the 
orebody. The generation procedure and the nomenclature used 
to designate the pits were explained in Chapter 4. The pit 
selected for analysis in each series of four was the pit 
which contained more mineable reserves based on the 
economics of the moving cone technique used in the design 
process. From the six series used for pit design, series A 
and B did not generate pits because no positive removal 
increment was found due to the higher cutoff grades used in 
the base cone search. Series A and B pits correspond to 
cutoff grades of 0.30% M 0S2 and 0.25% M 0S2 respectively.
The four resulting pits for consideration as mutually 
exclusive investment alternatives are C4, D4, E4, and F4, 
whose pertinent data are as follows:
Pit design C4
Mineable ore reserves 41,710,000 tons
Cutoff grade 0.20% Mo S2
Average grade 0.284% Mo S2
Stripping ratio 4.11
Mill production rate 7,945 Tons/day
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From these four alternatives, one must be selected. This 
selection is performed using incremental financial analysis.
INCREMENTAL ANALYSIS IN THE CASE STUDY
The determination of annual pro duction rate, cutoff 
grade, and ultimate pit limit by means of incremental 
analysis is demonstrated using the above alternative pits. 
Two discount rates of return (15% and 20%) were used to 
analyze these mutually exclusive projects. The first 
analysis was performed with a 15% discount rate.
INCREMENTAL ANALYSIS USING 15% DISCOUNT RATE
The first analysis was performed with a 15% discount 
rate. The steps necessary to perform an incremental 
analysis, described in the section on incremental analysis, 
are illustrated in this section with a practical example.
Annual after-tax cash flows
First, to apply incremental analysis more accurately,
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annual cash flows were derived for each pit alternative over 
the entire life of the project. Thus, each mine plan design 
reflects the influence of capital costs, royalties, price, 
equipment replacement, metallurgical recovery, operating 
cost, depletion, depreciation, and the taxation rate 
applicable to the specific deposit. The elements of the 
cash flow analysis were covered in Chapter 5. A program 
developed by Nilsen (1983) for economic evaluation of mining 
properties was used for the analyses; this program is 
available in the computer library of the CSM Mining 
Department. The cash flow information and its graphical 
representation for the four alternatives are shown in Tables 
6.1 through 6.8 and Figures 6-1 through 6-4, respectively.
Financial analysis for each alternative
Evaluators need criteria for acceptance or rejection of 
projects consistent with the investment policies of the 
firm. Different evaluation methods are available for 
investment decisions, but, in this case study only the net 
present value and internal rate of return criteria were 
used. These criteria were selected because it is believed 
they provide the best accept/reject decisions for mutually 
exclusive projects having equal lives and unequal 
investments.
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The internal rate of return, net present value, 
profitability index, undiscounted payback, discounted 
payback, and wealth growth rate for each alternative are 
shown on Tables 6.9 through 6.12. Although only the 
internal rate of return and net present value are used for 
project selection, these other evaluation criteria are shown 
for illustration purposes.
Using internal rate of return as the criterion to 
evaluate these alternatives, each project’s IRR is higher 
than the hurdle rate of 15% established by the firm. The 
net present value of each project is positive, which 
indicates that all four projects are favorable and meet the 
investment constraints of the firm. Figure 6-5 shows the 
internal rate of return for the four alternatives.
The next step is to select the best alternative using 
the net present value and internal rate of return criteria. 
Table 6.13 shows the four pit alternatives with salient 
characteristics and the NPV and IRR results obtained from 
the evaluation of each project at a discount rate of 15%.
The results of NPV and IRR calculations, suggest that F4 is 
the best pit alternative, because it has the higher NPV and 
the higher IRR. However, as pointed out by Gentry & O’Neil 
(1984), these evaluation criteria do not necessarily always 
agree when choosing among mutually exclusive projects.
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M I N I N G  P R O J E C T  M O L Y B D E N U M  M I N E
DATE: NOVEMBER 1963
MOLYBDENUM PRICE $ 6 .00/LB PIT DESIGN C4
SMALL COMPANY/ MINE LIFE 15 YEARS, ORE GRADE 1 .284  t  NOS2
I E V A L U A T I O N  C R I T E R I A  I I 1
I INTERNAL RATE OF RETURN = 15 .6
I NET PRESENT VALUE 0 151 -  2406491. I
| PROFITABILITY INDEX 6 151 = 1 .04  J
I OND1SCOUNTED PAYBACK = 4 .00  [
I I
| DISCOUNTED PAYBACK 0 151 s 13 .45  I
I I
I WEALTH GROWTH RATE USING A I
I ] I « 0 t  COST OF CAPITAL AND A ^ I
j 15 .01 REINVESTMENT RATE = 1 5 .3  j
I I
TABLE 6.9 EVALUATION CRITERIA PIT DESIGN C4
USING 15% DISCOUNT RATE.
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M I N I N G  P R O J E C T
DATE:
M O L Y B D E N U M  M I N E  
NOVEMBER 1969
MQLYED FNUM PRICE S6.00/LB PIT DESIGN D4 
SMALL COMPANY/ MINE LIFE 15 YEARS/ ORE GRADE 0 .226  t  NOS2 
E V A L U A T I O N  C R I T E R I A  |
1N1ERNAL RATE OF RETURN = 25 .9
NET PRESENT VALUE 0 15% *  61116339.
PRCFITABILITY INDEX 0 151 = 1 .86
UNDISCOUNTED PAYBACK *  2 .31
DISCOUNTED PAYBACK 0 15% = 4 .22
HEALTH GROWTH RATE USING A 
15.0% COST OF CAPITAL AND 
15.0% REINVESTMENT RATE = 19 .8
TABLE 6-10 EVALUATION CRITERIA PIT DESIGN D4 
USING 15% DISCOUNT RATE
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M I N I N G  P R O J E C T  M O L Y B D E N U M  M I N E
DATE: NOVEMBER 1983
MOLYBDENUM PRICE S6.0M/LB PIT DESIGN E4 
SMALL CONPANY, MINE LIFE 15 YEARS, ORE GRADE 0 .185  I  MOS2
j E V A L U A T I O N  C R 1 T E R I  A I
1 INTERNAL RATE OF RETURN s
I
2 9 .8  1
1 NET PRESENT VALUE 0 151 = If50359i5. j
J PROFITABILITY INDEX 0 151 = 2 .24  |
! UNDISCOUNTED PAYBACK = 1.94 I 1
I DISCOUNTED PAYBACK $ 151 = 13 .3 4  j
1 NEALTH GROWTH RATE USING A 
1 IS .0 % COST OF CAPITAL AND A 
j 15.it REINVESTMENT RATE =
1
1I1
21 .3  j 
1
TABLE 6-11 EVALUATION CRITERIA PIT DESIGN E4
USING 15% DISCOUNT RATE.
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M I N I N G  P 5 0 J E C T
DATE:
M O L Y B D E N U M  M I N E  
NOVEMBER 1983
MOLYBDFNUM PRICE S6.00/LB PIT DESIGN F4 
SMALL CONPANY/ MINE LIFE 15 YEARS, ORE CRAOE 8 .174  I M0S2
E V A L U A T I O N  C R I T E R I A
INTERNAL RATE OF RETURN = 31 .4
NET PRESENT VALUE 8 151 = 115675381. 
PRCFITABILITY INDEX 8 15« = 2.38
UNDISCOUNTED PAYBACK = 1.89
DISCOUNTED PAYBACK 8 15% = 3 .22
WEALTH GROWTH RATE USING A 
15.01 COST OF CAPITAL AND 
15.8% REINVESTMENT RATE = 21.6
TABLE 6.12 EVALUATION CRITERIA PIT DESIGN P4
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Consequently, it is important to perform an analysis on the 
incremental investments.
Incremental analysis of alternatives.
After the cash flows are generated and the internal 
rate of return and net present value calculated for each 
alternative, the next step is to calculate the incremental 
annual cash flow differences between the smaller and the 
larger investment alternative.
Tables 6.14 through 6.16 show the incremental cash 
flows between alternative pits D4 - C4, E4 - D4, and 
F4 - E4.
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1 -1049 -1049 0
2 -2662 -2662 0
3 -14748 -19176 -4428
4 -12472 -16563 -4091
5 -21293 -29578 -8285
6 -20168 -29775 -9607
7 -41418 -50176 -8758
8 27994 63962 35968
9 28807 65284 36477
10 28563 64018 35455
11 28417 63237 34820
12 28271 62924 34653
13 9847 39352 29505
14 26655 60382 33727
15 26605 60293 33688
16 26605 60293 33688
17 26558 60203 33645
18 9420 39262 29842
19 26608 60292 33684
20 26558 60203 33645
21 26558 60203 33645
22 35314 70432 35118
TABLE 6.14 INCREMENTAL CASH FLOWS OF PROJECT D-4 COMPARED
WITH PROJECT C-4 AT 15% DISCOUNT RATE.
ER-2905 129




1 -1049 -1049 0
2 -2662 -2662 0
3 -19176 -21980 -2804
4 -16563 -19414 -2851
5 -29578 -36400 -6822
6 -29775 -38604 -8829
7 -50176 -57745 -7569
8 63962 91280 27318
9 65284 92340 27056
10 64018 90364 26346
11 63237 90004 26767
12 62924 89645 26721
13 39352 62224 22872
14 60382 86170 25788
15 60293 86069 25776
16 60293 86069 25776
17 60203 85957 25754
18 39262 62113 22851
19 60292 86059 25767
20 60203 85957 25754
21 60203 85957 25754
22 70432 98340 27908
TABLE 6.15 INCREMENTAL CASH FLOWS OF PROJECT E4 COMPARED
WITH PROJECT D4 AT 15% DISCOUNT RATE.
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YEAR CASH FLOW E4 ($1000) CASH FLOW F4 ($1000) INCREMENTAL
CASH FLOW 
(E4)-(F4) ($1000)
1 -1049 -1049 0
2 -2662 -2662 0
3 -21980 -23236 -1256
4 -19414 -20218 -804
5 -36400 -38346 -1946
6 -38604 -41260 -2656
7 -57745 -59160 -1415
8 91280 98185 6905
9 92340 99104 6764
10 90364 97157 6793
11 90004 96784 6780
12 89645 96412 6767
13 62224 68369 6145
14 86170 92606 6436
15 86069 92503 6434
16 86069 92503 6434
17 85957 92388 6431
18 62113 68255 6142
19 86059 92491 6432
20 85957 92388 6431
21 85957 92388 6431
22 98340 105344 7004
TABLE 6.16 INCREMENTAL CASH FLOWS OF PROJECT F4 COMPARED
WITH PROJECT E4 AT 15% DISCOUNT RATE.
ER-2905 131
Internal rate of return on the incremental cash flows
The next step is to calculate the internal rate of 
return on the differential incremental cash flows in order 
to compare this internal rate of return on the increment 
with the hurdle rate establish by the firm. Table 6.17 
shows results of the incremental analyses performed on the 
alternative pit designs using a discount rate of 15%.
Incremental analysis between alternatives using IRR
The next step is to compare the small pit alternative 
with the next larger alternative pit, using IRR on the 
incremental annual cash flow differences. The criterion to 
use in the comparison is that, if the internal rate of 
return calculated on the incremental investment exceeds the 
firm’s required hurdle rate, the decision should be to 
accept the larger alternative.
Starting with the small pit alternative C4, a 
comparison is made with the next larger pit alternative D4. 
Incremental analysis (Table 6.17) shows an internal rate of 
return on the incremental cash flow differences of 47;1%, 
which is considerable higher than the hurdle rate of 15%. 
Thus, alternative pit design D4 becomes economically more 
attractive than design C4. The next comparison is between 
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internal rate of return is 46.5%, which is also higher than 
the hurdle rate. This suggests that alternative pit design 
E4 is economically superior to D4. Alternative pit design 
E4 is then compared with F4; the incremental internal rate 
of return (41.1%) is greater than the hurdle rate of 15%. 
Therefore, the incremental investment of pit F4 over E4 is 
justified. This pit alternative also has the higher capital 
investment and satisfies both of the previously stated 
criteria: larger investments are preferable to smaller
investments as long as each increment of capital is 
justified. Therefore, because F4 satisfies both of these 
criteria, it is the best economic pit alternative.
RELATIVE INCREMENTAL NPV
In order to analyze the relative increment between the 
various alternatives, in terms of net present value, a bar 
graph (Figure 6-6) was constructed showing the net present 
values for each alternative (in black) and the net present 
values for the increments (in white). This graph shows 
there is a significant incremental change in terms of net 
present value between the small pits C4 and D4, and a 
significant change between pits D4 and E4. However, there 
is relatively little difference between pits E4 and F4. A 
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(Table 6.17) does not show these significant changes between
C4 - D4 and D4 - E4. This results primarily from the
assumptions that go with the calculation procedure. It is 
important here to note the significant changes from the 
required hurdle rate of 15% and the indicated calculated 
rate of 47.1%. The fundamental conclusion to be drawn from 
Figure 6-6 is that it is very important to go from 
alternative pit design C4 to D4; it is also important to 
design upward to pit size E4; but it is not clear (from the 
economic point of view), that it is significantly better to 
design upward in size from pit E4 to F4. At this point,
other management decisions should be considered besides the
economic analysis only.
OTHERS FACTORS IN PROJECT EVALUATION
Project evaluation criteria should be used as a guide 
in investment decision making, but not as the only basis for 
making these decisions. The decision maker must not use 
evaluation criteria as a substitute for personal judgment. 
Some of the factors (besides economic and engineering 
considerations) that influence decision making directly or 
indirectly are: life of the project, political and 
financial risks, employment rate, source of the product, 
firm’s diversification, experience, and social
ER-2905 136
considerations.
INCREMENTAL ANALYSIS USING 20% DISCOUNT RATE
Analyses were also performed using a 20% discount rate 
in order to analyze alternatives under other hurdle rate 
assumptions. The higher discount rate reflects changes in 
all the discounted evaluation methods except for the 
internal rate of return. The after tax cash flows and the 
differential cash flows between alternatives are the same as 
those shown for the analysis using the 15% discount rate.
Economic analysis for each alternative
The economic evaluations for each alternative, using 
different criteria, are shown on Tables 6.18 through 6.21, 
for illustrative purposes.
Table 6.22 shows the alternative pit designs with 
associated characteristics; the results of net present 
values and internal rates of return also are included, since 
they are being used in project selection.
Incremental analysis
The general procedure for incremental analysis was 
applied using a 20% discount rate. The incremental cash 
flow differences between the larger and smaller investment
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M I N I N G  P R O J E C T  M O L Y B D E N U M  M I N I
DATE: NOVEMBER 1983
MOLYBDENUM PRICE S6.00/LB PIT DESIGN C4
SMALL COMPANY, NINE LIFE 15 YEARS, ORE GRADE 0 .284  1
I E V A L U A T I O N  C R I T E R I A  I I I
INTERNAL RATE OF RETURN *  15 .6
|  NET PRESENT VALUE 0 201 = -9984273.
J PROFITABILITY INDEX 0 201 = 0 .7 7
|  UNDISCOUNTED PAYBACK = 4.00
| DISCOUNTED PAYBACK 0 201 = 1000.00
I
I HEALTH GROWTH RATE USING A
20.01 COST Op CAPITAL AND A
20.01 RrtEINVESTMENT RATE = 18 .0
MOS2
TABLE 6- 18 EVALUATION CRITERIA PIT DESIGN C4
USING 20% DISCOUNT RATE.
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M I N I N G  P R O J E C T  M O L Y B D E N U M  M I N I
DATE: NOVEMBER 1983
MOLYBDENUM PRICE S6.00/LB PIT DESIGN D4
SMALL COMPANY, MINE LIFE 15 YEARS, ORE GRADE 0 .226  i
T 7
I E V A L U A T I O N  C R I T E R I A  !
I I
i.........................j
I INTERNAL RATE OF RETURN = 25 .9  I
I I
I I
I NET PRESENT VALUE 0 20% = 21551675. I
I PRCFITABILITY INDEX 0 20% -  1 .37  I
I II !
1 UNDISCOUNTED PAYBACK = 2.31 t
I I
| DISCOUNTED PAYBACK 0 20% = 6 .12  J
I WEALTH GROWTH RATE USING A !
I 20.0% COST OF CAPITAL AND A (
j  20.0% REINVESTMENT RATE = 22 .6  !
I I
MQS2
TABLE 6-19 EVALUATION CRITERIA PIT DESIGN D4
USING 2096 DISCOUNT RATE.
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M I N I N G  P R O J E C T  M O L Y B D E N U M  M I N E
DATE: NOVEMBER 1983
MOLYBDENUM PRICE S6.80/LB PIT DESIGN E4 
SMALL COMPANY/ MINE LIFE 15 YEARS/ ORE GRADE 0.18S t
I E V A L U A T I O N  C R I T E R I A  !I I
INTERNAL RATE OF RETURN = 29 .8 !J NET PRESENT VALUE 0 281 = 44971148. j
I PROFITABILITY INDEX 0 201 = 1 .66
I UNDISCOUNTED PAYBACK = 1 .9 4
I
|  DISCOUNTED PAYBACK 0 281 = 4 .26
I
I NEJLTH GROWTH RATE USING A
I 20 .01 COST OF CAPITAL AND A
I 28.01 REINVESTMENT RATE = 24.1
I
TABLE 6“20 EVALUATION CRITERIA PIT DESIGN E4
USING 20% DISCOUNT RATE.
M0S2
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M I N I N G  P R O J E C T
d a t e :
M O L Y B D E N U M  M I N E  
NOVEMBER 1983
MOLYBDENUM PRICE S6.0V/LB PIT DESIGN F4 
SMILL COI’PINY, MINE LIFE 15 YEARS, ORE GRADE 0 .174  I  M0S2
E V A L U A T I O N  C R I T E R I A
INTERNAL RATE OF RETURN = 30 .4
NET PRESENT VALUE § 21I  = 50473640.
PROFITABILITY INDEX 0 20« *  1 .70
UNDISCOUNTED PAYBACK = 1 .69
DISCOUNTED PAYBACK 0 20% = 4 .08
WEALTH GROWTH RATE USING A 
2 0 .0 *  COST OF CAPITAL AND A 
20.0% REINVESTMENT RATE = 24 .3
TABLE 6-21 EVALUATION CRITERIA PIT DESIGN F4
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alternatives were calculated; an internal rate of return 
analysis on these increments was performed; and the IRR 
results were compared (Table 6.23).
In this case, alternative pit design C4 is dropped from 
the pool of projects, because its net present value on the 
total investment is negative. The first comparison then, 
using incremental analysis, is between alternative pit 
designs D4 and E4. The return of investment in the 
increment is 46.5% which is greater than the discount rate 
of 20%; this suggests that the E4 pit design is superior to 
D4. Next, comparing alternative pit design E4 and F4, the 
return of investment on the increment is 41.1%. This is 
also greater than the hurdle rate and indicates that
alternative pit design F4 is the best choice. As in the
case using 15% discount rate, alternative pit design F4 also
has the higher capital investment and satisfies both of the
main principles that should apply when comparing mutually 
exclusive investment alternatives -- larger investments are 
preferable to smaller investments as long as each increment 
of capital is justified.
In order to analyze the relative increment in terms of 
net present value between various alternatives, a bar 
graph (Figure 6-7) is included, showing the net present 
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value for the increments (in white). This graph shows 
significant changes in terms of net present value between 
pit alternatives C4, D4, and E4, but small changes between 
pit alternatives E4 and F4. These changes, as in the case 
of the 15 percent discount rate analysed previously, suggest 
that perhaps other managerial factors should be considered 
in addition to the economic analysis in order to help the 





One of the primary objectives of this study was to 
emphasize the close relationship between the engineering and 
economic aspects in the process of evaluating mineral 
deposits. There are two situations where these two concepts 
are clearly very dependent upon each other:
1. Pit design using the moving cone theory, and
2. Incremental financial analysis of resulting "engineered” 
pit alternatives.
In the situation of pit design using the moving cone 
theory, engineering parameters such as pit slope angle, 
search area, search'levels, and minimum base block grades 
for pit generation are mixed with economic parameters such 
as operating mining costs, operating milling costs and 
product price to generate the optimum economic mine size for 
these specific parameters. Poor estimation or determination 
of engineering parameters, poor cost estimation or poor 
.price projection will lead to a pit design which is not 
optimal.
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The situation of close relationships between 
engineering and economic concepts may be illustrated by the 
use of incremental financial analysis to determine the best 
economic pit alternative, and, therefore, establish 
engineering parameters such as optimum annual production 
rate, cutoff grade, and stripping ratio.
Use of the approach described in this study provides an 
opportunity for mine evaluators to separate the economics of 
the deposit into two parts and work with each separately. In 
the first part (the economic pit design), the primary 
economic parameters used are operating costs and revenues, 
capital costs, stripping costs, and all the normal elements 
incorporated in a cash flow analysis. The second part of 
the study deals with the financial evaluation of the project 
utilizing incremental analysis in accordance with corporate 
investment objectives.
Another objective of this study was to demonstrate how 
the computer can assist in the process of economic 
evaluation of open pit mine alternatives. By using the 
computer, the evaluator is able to readily incorporate 
operational and economic changes into the analysis. These 
changes can alter project performance forecasts considerably 
over short time periods. Some of the changes which can be 
incorporated during the evaluation process are: drill hole
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additions, new geologic information, ore grades, recovery, 
price changes, production costs, capital costs, tax laws, 
etc. These changes can occur in either the engineering or 
economic variables and their effects on anticipated project 
performance are reflected in the annual cash flow analysis.
From this study on preliminary evaluation of open 
pit mines, some conclusions can be drawn. These are:
1. Various pit designs can be generated using the moving 
cone technique incorporating different values for specific 
design parameters. This provides a series of pit 
alternatives for evaluation purposes.
2. An economic feasibility study can be performed on each 
pit alternative using cost estimation procedures to develop 
capital and operating cost estimates.
3. Optimum investment decisions can be made based on the 
corporate objective of wealth maximization by utilizing 
standard evaluation criteria in conjunction with incremental 
analysis. This decision is achieved by considering the 
different mine sizes as mutually exclusive projects having 
the same life but different magnitudes of capital 
investment.
ER-2905 149
4. Incremental financial analysis is based on the premise 
that investment decisions are optimized as long as the 
corporation invests in the largest project available for 
which each increment of capital is justified (e.g., exceeds 
the hurdle rate of the firm). This procedure is 
demonstrated in this study.
5. This procedure incorporates the common project evaluation 
criteria familiar to corporate managers (i.e., net present 
value (NPV), internal rate of return (IRR), profitability 
index (PI), undiscounted payback (UPB), discounted payback 
(DPB), wealth growth rate (WGR), and growth rate of return 
(GRR) ).
RECOMMENDATIONS
Based on the results of this study, the following 
recommendations are' suggested for further work. These are:
1. Incorporate risk and sensitivity analysis into
the procedure in order to analyze their effect on the entire 
evaluation procedure.
2. Examine the effects of production scheduling alternatives 
on the final results (e.g., mining higher grade ore first or 
using ore blending from different pit locations).
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3. Investigate the application of this procedure on the 
evaluation of an existing operating property. An example 
would be to consider the start of mining at a low production 
rate with subsequent expansions until the optimum mine size 
is reached.
4. Consider automating the cost estimation procedure by 
developing a computer data base which could be used in 
conjunction with the cost estimation approach selected.
5. The life of the project was fixed to 15 years in order to 
estimate the costs necessary for the study. Analyses of 
other mine lives are recommended in order to assure the 
reliability of the approach.
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Dec. 31, 1959 812
Dec. 29, 1960 834
Dec. 28, 1961 855
Dec. 27, 1962 881
Dec. 26, 1963 916
Dec. 31, 1964 948
Dec. 30, 1965 988
Dec. 29, 1966 1043
Dec. 28, 1967 1111
Dec. 26, 1968 1206
Dec. 26, 1969 1300
Dec. 31, 1970 1465
Dec. 30, 1971 1665
Dec. 28, 1972 1812
Dec. 27, 1973 1945
Dec. 26, 1974 2101
Jan. 1, 1976 2305
Dec. 29, 1977 2672
Dec. 28, 1978 2872
Dec. 27, 1979 3130
Dec. 26, 1980 3378
Dec. 31, 1981 3726
Dec. 30, 1982 3960
Aug. 11, 1983 4132
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APPENDIX B
Pit designs, data summaries and cross sections 









17000 PIT DESIGN #Cl
BENCH 15
16500 CUTOFF 0-207. M0S2
SCALE I-1000 JRS
16000
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FIGURE B-1 PIT DESIGN #C1 BENCH 15
SUMMARY FOR AREA REQUESTED PASS * 1 CUMULATIVE
NUMBER OF bASE BLOCKS EX.  
NUMBER OF BASE BLOCKS m i n e d  
NET RFVFNUE = GROSS -  COSTS 
NUMBER OF KASTE b l o c k s  m i n e d  
NUMBER OF "OPE" BLOCKS MINED 
AVERAGE VALUE PEP ORE-BLOCK 
AVERAGE GRADE PER ORE-BLOCK 
SHORT TONS OF ORE MINED 
SHORT TONS OF WIST. MINED 
STRIPPING RATIO
1 2 0 0.275.54374180.4336.993.54757.0.2519930000.43360000.4.3666
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1 7000 PIT DESIGN #C2
BENCH 20




























FIGURE B-3 PIT DESIGN #C2 BENCH 20
summary  FOP AREA r e q u e s t e d PASS t CUMULATIVE
NUMBER OF BASE BLOCKS EX.  
n u mber  OF BASE b l o c k s  m i n e d  
NET WEVENUF = GROSS -  COSTS 
NUMBER OF *ASTE BLOCKS m i n e d  
number  OF "OPE" BLOCKS MINED 
AVERAGE VALUE PER ORE-BLOCK 
AVEPAGE GRADE PER ORE-BLOCK 
SHORT TONS OF ORE MINED 
SHORT TONS OF WST. MINED 
STRIPPING RATIO
1 466 .
2 6 3 .
5 6 3 9 6 8 0 0 .
5 0 0 1 .
1 0 53 .
5 5 4 5 8 .
0 . 2 5 9
1 0 5 3 0 0 0 0 .
5 0 0 1 0 0 0 0 .
4 . 7 4 9 3
2 6 6 6 .
5 5 6 .
1 1 2 7 7 0 9 8 0 .
9 3 3 7 .
2 0 4 6 .
5 5 1 i e .
0 . 2 5 5
2 0 4 6 0 0 0 0 .
9 3 3 7 0 0 0 0 .
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PIT  DESIGN #C3
BENCH 25
16500 CUTOFF 0 .20% MQS2
SCALE 1=1000 JRS
16000
oin oin oin oin o oin oin oin om om o oinCMro CMin CMlO N.CO
FIGURE B-5 PIT DESIGN #C3 BENCH 25
SUMMARY FDR AREA REGUFSTED PASS n 3 CUMULATIVE
NUMBER OF BASE BLOCKS EX.  
NUMBER OF BASE BLOCKS MINED 
NFT PEVF.NUE = GROSS -  COSTS 
NUMBER OF KASTE b l o c k s  m i n e d  
NUMBER OF "ORE" BLOCKS MINED 
AVERAGE VALUE PER ORE-BLOCK 
AVERAGE GRADE PEP ORE-BLOCK 
SHORT T0.NS OF ORE MINED 
SHORT TONS OF WST. MINED 
STRIPPING RATIO
16a2. 6?9. 162A 74 060. 10662.
1965 .
8268a.0.31510650000.106620000.
5 . a ? 6 0
a306. 118 7. ?752a50ao. 
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1 7000 PIT DESIGN #C4
BENCH 27
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FIGURE B-7 P H  DESIGN #C4 BENCH 27
Summary  FOR ARFA REGUESTED PASS # CUMULATIVE
NUMBER OF BASE BLOCKS EX.  
NUMBER OF BASE BLOCKS MINED 
NET REVENUE = GROSS -  COSTS 
NUMBER OF WASTE BLOCKS MINED 
NUMBER OF •’ ORE” BLOCKS MINED 
AVERAGE VALUE PER ORE-BLOCK 
AVERAGE GRADE PER ORE-BLOCK 
SHORT TONS C)F ORE MINED 
SHORT TONS OF WST. MINED 
STRIPPING RATIO
2 66. 75.10983640. 758. 160. 6864 8. 0.280 1600000. 7580000. 4.7375



















































17000 PIT DESIGN #D1
BENCH 15
16500 CUTOFF 0.157. M0S2
SCALE
16000


























FIGURE B-9 PIT DESIGN #D1 BENCH 15
SUMMARY FDR AREA REQUESTED PASS # 1 CUMULATIVE
n u mp e r  OF BASE BLOCKS EX.  
number  of base  b l o c k s  m i n e d
NET REVENUE = GROSS -  COSTS 
NUMBER OF WASTE BLOCKS MINED 
NUMBER OF "ORE** BLOCKS MINED 
AVERAGE VALUE PER OPE-BLOCK 
AVERAGE GRADE PER OF E-BLOCK 
SHOPT TONS OF ORE MINED 
SHORT TONS OF WST. MINED 
STRIPPING PATIO
2 8 7 3 .
1 1 5 0 .  
1 8 7 4 4 1 2 6 0 .  
7 8 1 3 .
2 8 2 0 .
6 6 4 6 9 .
0.202
2 8 2 0 0 0 0 0 .
7 8 1 3 0 0 0 0 .
2 . 7 7 0 6
2 8 7 3 .
1 150 .
1 8 7 4 4 1 2 8 0 .
7 8 1 3 .
2 8 2 0 .
6646R.
0.202
2 8 2 0 0 0 0 0 .
7 8 1 3 0 0 0 0 .
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FIGURE B-11 PIT DESIGN #D2 BENCH 20
SUMMARY FOR ARfcA PEGUESTED PASS A 2 CUMULATIVE
NUMBER OF BASE BLOCKS EX.  2 6 6 0 .  5 5 3 3 .
NUMBER OF BASF BLOCKS MINED 1 60 7 .  2 7 5 7 .
NET REVENUE = GROSS -  COSTS 2 3 2 7 9 3 8 8 0 .  9 2 0 2 3 5 1 6 0 .
NUMBER OF WASTE BLOCKS MINED 5 3 5 2 .  1 31 65 .
NUMBER OF "ORE" FLOCKS MINED 2 6 9 5 .  5 5 1 5 .
AVERAGE VALUE PER OPE-BLl'JCK 8 6 3 6 0 .  7 6 1 9 9 .
AVERAGE GRADE PER 0RF-BL0CK. 0 . 2 2 0  0 . 21 1
SHORT TONS OF ORE MINED 2 6 9 5 0 0 0 0 .  5 5 1 5 0 0 0 0 .
SHORT TONS OF WST. MINED 5 3 5 2 0 0 0 0 .  1 3 1 6 5 0 0 0 0 .












































1 7000 PIT  DESIGN #D3
BENCH 25
1 6500 CUTOFF 0-15% M0S2
SCALE 1=1000 JRS
16000
om oin oin oin oin oin oin oin ooin oinC MfO K.fO C Min K.N. C M03 00
FIGURE B-13 PIT DESIGN #D3 BENCH 25
SUMMARY FOR AREA REQUESTED PASS n CUMULATIVE
number  of base  bl ocks  e x .
NUMBER OF BASE BLOCKS m i n e d  
NET REVENUE = GRfns -  COSTS 
NUMBER OF VtASTL BLOCKS m j n ED 
NUMBER OF "ORE" BLOCKS MINED 
AVEPACt VALUE PER ORE-BLOCK 
AVERAGE GRADE PER 0RE-BLUCK 
SHORT TONS OF ORE MINED 
SHORT TONS OF WST. MINED 
STRIPPING RATIO
2 4 2 3 ,
1 40 9 .
2 8 9 0P 3 44 0 .
1 0 20 7 .
2 9 3 0 .  
98 84 3 •  
0 . 2 6 2  
2 9 3 0 0 0 0 0 .  
1 0 2 0 7 0 0 0 0 .  
3 . 4 6 3 6
7 9 5 6 .
4 1 6 6 .
7 0 9 2 5 8 6 0 0 .
2 3 3 7 2 .
8 4 4 5 .  
8 3 9 8 6 .  
0 . 2 2 9  
8 4 4 5 0 0 0 0 .  
2 3 3 7 2 0 0 0 0 .  
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FIGURE B-15 PIT DESIGN #D4 BENCH 27
SUMMARY FOR AREA REQUESTED
NUMBER OF BASE BLOCKS EX.  
NUMBER OF BASF BLOCKS MINED 
NET PEVFNUE = GRD*t -  COSTS 
NUMBER OF wASTE BLOCKS MINED 
NUMBER OF "□RE" BLOCKS MINED 
AVERAGE VALUE PER ORE-BLOCK 
AVERAGE GRADE PER ORE-BLUCK 
SHORT TONS OF ORF MINED 
SHORT TONS OF wST. MINED 
STRIPPING RATIO
PASS * 4 CUMULATIVE
4 5 2 .  8 4 0 e .
2 8 7 .  4 4 5 3 .
3 6 5 3 2 2 8 0 .  7 4 7 7 9 0 8 8 0 .
1 9 1 9 .  2 5 2 9 1 .
5 4 5 .  6 9 9 0 .
7 0 7 0 1 .  6 3 1 6 0 .
0 . 2 2 0  0 . 2 2 6
5 4 5 0 0 0 0 .  8 9 9 0 0 0 0 0 .
1 9 1 9 0 0 0 0 .  2 5 2 9 1 0 0 0 0 .
3 . 5 2 1 1  2 . 8 1 3 ?
BENCH 27
CUTOFF 0.15% M0S2
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FIGURE E-17 PIT DESIGN #E1 BENCH 15
SUMMARY FOR AREA RECUESTED PASS # 1 CUMULATIVF
NUMBER OK BASE BLOCKS EX.  
NUMBER OF BASE BLOCKS MINED 
NET REVFNUE = GROS* -  COSTS
NUMBER OK waste  b l o c k s  m i n e d
NUMBF.P OF "ORE " BLOCKS MINED 
AVERAGE VALUE PER ORE-BLOCK 
AVFRAGE GRADE PER 0PF-8LGCK 
SHORT TONS OF URE MINED 
SHORT TONS OF WST. MINED 
STRIPPING RATIO
4962. 
2 4 5 6 .  
3 0 1 6 6 6 9 6 0 .  
9 2 4 2 .  
4 6 5 2 .  
6 2 1 7 4 .  
0 . 1 7 2  
4 8 5 2 0 0 0 0 .  
9 2 4 2 0 0 0 0 .  
1 . 9 0 4 8
4 9 8 2 .  
2456 . 
3 0 1 6 6 8 9 6 0 .  
9 2 4 2 .  
4 8 5 2 .  
6 2 1 7 4 .  
0 . 1 7 2  
4 8 5 2 0 0 0 0 .  
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FIGURE B-19 PIT DESIGN #E2 BENCH 20
SUMMARY FUR AREA REQUESTED
NUMBER OF BASE BLOCKS EX.  
NUMBER OF BASE BLOCKS VIJNED 
NET REVENUE = GROSS -  COSTS 
NUMBER OF KASTE BLOCKS MINED 
N U M B E R  OF "ORE” BLOCKS v I N ED 
AVERAGE VALUE PER ORE-BLOCK 
AVERAGE GRADE PEE: ORE-BLOCK 
SHORT TONS OF ORE MINED 
SH0PT TONS OF WST. MINED 
STRIPPING RATIO
PASS * 2 CUMULAT IVF
3 5 6 6 . 6 5 5 0 .
2 5 7 6 . 5 0 3 4 .
3 3 4 3 ^ 6 3 6 0 . 6 3 6 0 6 5 3 2 0 .
6 6 4 2 . 16 0 6 4 .
4 4 9 3 . 9 3 4 5 .
7 4 4 2 * . 6 6 0 6 5 .
0 . 1 6 6 0 . 1 7 8
4 4 9 3 0 0 0 0 . 9 3 4 5 0 0 0 0 .
6 6 4 2 0 0 0 0 . 1 60 8 4 0 0 0 0 .
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FIGURE B-21 PIT DESIGN #E3 BENCH 25
SUMMARY for  arfa  r e q u e s t e d PASS # 3 CUHULAlIVF
NUMBER of base  b l o c k s  e x . 3 0 7 9 . 1 1 62 9 .
number  of BASE BLOCKS m i n e d 2 4 1 7 . 74S1 .
NET REVENUE = GROSS -  COSTS 4 0 3 6 P5 6 40 . 1 0 3 9 6 9 0 9 6 0 .
NUMBER of fcASTE BLOCKS MINED 8 7 1 1 . 2 4 7 9 5 .
NUMBER OF H0REM FLOCKS MIMED 4 6 0 9 . 1 39 54 .
AVERAGE VALUE PER GRE-&L0CK 8 7 5 7 3 . 7 4 5 0 8 .
AVERAGE GRADE PFR ORE-BLOCK 0.21  1 0 . 1 8 9
SHORT TONS OF URE MINED 4 6 0 9 0 0 0 0 . 1 3 9 5 4 0 0 0 0 .
SHORT TONS OF WST. MINED 8 7 1 1 0 0 0 0 . 2 4 7 9 5 0 0 0 0 .
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1 7000 PIT DESIGN #E4
BENCH 27
1 6500 CUTOFF O- lOX M0S2
SCALE
16000
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PIGURE B-23 PIT DESIGN #E4 BENCH 27
SUGARY FDR ARE. A REQUESTED PASS # CUMULATIVE
NUMBER OF BASE BLOCKS EX.  
NUMBER OF RASE BLOCKS m i n e d  
NET REVFNUE = GR0SJ -  COSTS 
NUMBER OF WASTE BLOCKS MINED 
NUMBER OF "ORE" BLOCKS MINED 
AVERAGE VALUE PER ORE-BLOCK 
AVERAGE GRADE PER OPE-BLOCK 
SHURT TONS OF ORE MINED 
SHORT TONS OF WST. MINED 
STRIPPING RATIO
669.
4 5 7 .
5 9 4 6 7 4 4 0 .
2 1 6 4 .
9 2 4 .
6 4 3 5 9 .
0 . 18 1
9 2 4 0 0 0 0 .
2 1 6 4 0 0 0 0 .
2 . 3 6 3 6
12 31 8 .  
7 9 08 .  
1 0 9 9 1 5 6 4 0 0 .  
2 6 9 7 9 .  
14 87 8 .  
7 3 8 7 8 .  
0 . 1 8 9  
1 4 6 7 8 0 0 0 0 .  
2 6 9 7 9 0 0 0 0 .  






























17000 PIT DESIGN «F1
BENCH 15
16500 CUTOFF 0.05% M0S2
16000
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o o m m v v i n i n u J i D S - K - c o o o
FIGURE B-25 PIT DESIGN #F1 BENCH 15
SUMMARY FOR area  r e q u e s t e d PASS * 1 CUMULATIVE






















GR0ST -  
E RLOCKS 
" BLOCKS 
PER 0PE-  
PER ORE -  
OF ORE 











5 6 3 3 .  
2983 • 
3 2 7 4 7 9 3 2 0 .  
9 9 5 5 .  
571 0 .  
5 7 3 5 2 .  
0 . 1 5 9  
5 7 1 0 0 0 0 0 .  
9 9 5 5 0 0 0 0 .
1 . 7 4 3 4
5 6 3 3 .  
2 9 8 3 .  
3 2 7 4 7 9 3 2 0 .  
9 9 5 5 .  
5 7 1 0 .  
5 7 3 5 2 .  
0 . 1 5 9  
5 7 1 0 0 0 0 0 .  
9 9 5 5 0 0 0 0 .
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PIGURE B-27 PIT
SUN^-ARY FOP A RF A REQUESTED
NUMBER OF RASE BLOCKS EX.  
NUMBER OF BASE BLOCKS MINED 
NET REVENUE = GROSS -  COSTS 
NUMBER OF WASTE BLOCKS MINED 
NUNPEP OF " O P E "  BLOCKS MINED 
AVfPAGE VALUE PER ORE-RLOCK 
AVERAGE GRADE PER ORE-RLOCK 
SHORT TONS OF ORE MINED 
SNORT TONS OF WST.  MINED 
S T R I P P I N G  RAT I O
SIGN #P2 BENCH 20
PASS n CUMULATIVE
3971 . 2982. 360839040. 6699. 5107. 70656. 0.175 51070000. 66990000. 1.3117
9604. 5965. 688318360. 16654. 10817. 63633. 0. 167 


















































1 7000 PIT DESIGN *F3
BENCH 25
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FIGURE B-29 PIT DESIGN #E3 BENCH 25
s u m m a r y  FOR AREA REGUFSTED PASS * CUMULATIVE
NUMBER OF BASE BLOCKS E X .  
NUMBER OF 5 ASE BLOCKS MINED 
NET RFVENIJE = GR0*S, -  COSTS 
NUMBER OF KASTE BLOCKS MINED 
NUMBER OF " OR E 1' BLOCKS MINED 
AVERAGE VALUE PER ORF.-RLOCK 
AVEPAGF GPADE PER ORE-BLOCK 
SHORT TONS OF ORF. MINED 
SHORT TONS OF * S T .  MINED 
S T R I P P I N G  RAT I O
3 6 4  8 • 2763. 423073200. 7167. 5037. 83993. 0.197 50370000. 71670000. 1.4229
13252. 8728. 1 1 1 1391570. 23821. 15854. 70102. 

































































1 7000 PIT DESIGN #F4
BENCH 27
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FIGURE B-31 PIT DESIGN #F4 BENCH 27
SUMMARY FOP AREA REQUESTED PASS # CUMULATIVE
NUMBER OF BASE BLOCKS E X .  
NUMBER OF BASE BLOCKS MINED  
NET REVENUE = GR0%* -  COSTS 
NUMBER OF WASTE BLUCKS m i n e d  
NUMBER OF " O R E ” BLOCKS m j n ED
a v e r a g e  v a l u e  p e r  o r f - b l o c k
AVERAGF GRADE PER PRE-BLOCK 
SHORT TONS OF ORE MINED 
SHORT TONS OF WST.  MINED 
S T R I P P I N G  R A T I O
101 a. 
6 3 9 .  72687200. 1951 . 1393. 52324. 0.148 13930000. 19510000. 1 .4006
14266. 9367. 1184278770. 25772. 17247. 






























































A P P E N D I X  C
C u m u l a t i v e  o r e  r e s e r v e  s u m m a r y  f o r  d i f f e r e n t  
p i t  d e s i g n  a l t e r n a t i v e s
ER-2905 193
5 2 5 2.  PACE 5 *'Fr'S 7 2 5V 1 PATf 5 1 - 0 c t - b 5  TI^E 15;59
t h e s i s  h i k i n g  c s m p r o j e c t
* *  MINING ThEMS CS* PIT RESERVES PIT * Cl 9ENCH 15 CUTOFF 0 . 2 0  • •
TA9LE 2 .  C U M U L A T I V E  R E S F R V F S
HLDCH k PIT FILES s TMEMP.BL*  THEDIP.PC1
THPrrkiPHV s TmEMP.TDP
TnsN/GE FACTOR *  1 2. 50 0 0
h E \ C h TOTAL c u T fj f
0 . 0 50
PRf O.
■ 1 GR A *F 0 . 000
*• A5 T E Ro0.
S . t -  O . O O f .
« 7 r o  r »-t o .
» 2 c - w n f  o . o o o
'tuf 22440.
S . + 0.000
<.#>9C, 444490 . fipf o.
r % r.R/nt O.OOf
i\AsTc urt«0.
S.1- 0 . 00 0
<**jOO 9 7 2 * .  n«l  0.
• u 0.000
»A<-TE 9 7 2 0.
S.f  0 . 0 00
*55* 1790 0. u uf  n ,
» 5 fiPAOf C.OOU
» A s T t  17500.
s. * -  o . o o o
*j5*C ?«7o0. ORf 0.
» f> r.PAOE o.ooo
-ASTt 2*4 7 0 0 .
S . r  t . 0 0 0
ua£.f 50® JO. i.Rf o.
* 7  r.9/r.E O.OOf;
«A*7f 5*030.
s.► o.ooo
R4J00 5<>2n*. C>H{ 0.
* A GB A r>E 0 . 0 0  0
h ASTE 5&?t>0.
S.E 0.000
F G R A P E S
0 . 1 * 0  0 . 1 9 0  0 . 2 0 0
0. 0.  0.
o .r op 0 . 0 0  0 O.OO'i
0 r ( , . SeO. AfeO.
O.OOC 0 . 0 0 0  o.ooo
0. 0 .  0.
O.ooo o.ooo O.ooo
22 «n.  22*4*. 2 2 « * .
0 . 0 0 0  0 . 0 0 0  0 . 000
0. 0. 0.
0.000 0.00* 0.0*0
41090. AU90. 44 44 <-ft.
0.000 0.000 0.00*
0. 0.  0.
0 . 0 0 0  0 . 0 0 0  O.OOf,
9 7 2 * .  9 7 2 0.  0 7 27.
o . * o «  o . o o o  i t .rof ,
0 .  0. 0.
0 . 0 0 0  O.npo 0 . 000
1 7 5 0 * .  1 7 5 0 * .  17900.
0.000 0.000 0.00*
0.  c .  o.
0 . 0 0 *  o.ooo O.OOC
2«7 0 0.  2®7 *0 . ?<t 7 i) 0 .
0 . 0 * 0  0 . 0 0 0  0 . 0 0 *
0.  0. 0.
0 . 0 00  0 . * * *  O.OOC
5 * 9 5 * .  5 0 9 3 * .  5 0930.
*.0** 0 . 0 0 0  0 . uOO
0.  0 .  o.
O.OC* 0 . 0 0 0  0 . 0 0  0
3b2t>*.  3*?t>* .  3 b?b* .
0 . 0 0 *  O.OOO * . 0 0 0
TABLE C.1 CUMULATIVE ORE RESERVE SUMMARY POR PIT
DESIGN #C1 BENCH 15
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0 . 0 00
0.




0 . 0 00
5 * 2 6 0 .
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ER-2905 194
PU*» 3 2 52.  PACE 6 PEPS 723V1 DATE 3 1 - P e t - * 3  T1'*F 15:59
T H E S I S  »' I N I  N G C 5 M P R O J E C T
•  *  *»INT hlG T t-F SI S CS« ®1T RESERVES PIT •  Cl HENC* IS Cj TOPF 0 . 20  * *
T ABLE 2. C U M U L A T I V E  R E S E R V E S
f» L C C * <? PIT E I l E S  = T h F M P . B l *  TMEPIP.PCl  
1ppnob i P m y  «aTR1* s  ThEPJP.TuP 
T P ' . r . A G E  P A C T O R  s  1 2 . 5 0 0 0
FERC4 TOTAL C U T D P
0 . 0 5 0
6 3 * P  6 C 7 2 0 .  P P L  3 ° ? P .
ft 9  G R A D E  0 . 1 9 6
* A M £  3 6 * 0 0 .
S.R
6 3 0 0 6 4 6 * 0 .  r'RF 75RC.
* 10 > . •>»  O. i oo
» AML 3 f r 9 j r .
S.R 6 . * 9 9
a?to 674JO.  r« f  10<j7P.
ft 1 1 C- R A D f 0 .  ? f urt'Tt 3 e ° 6 r..
S.*  3 . 5 2 *
6200 <107 7 c . ('R£ 1 2 * 3 0 .
ft 1? G« a r>f 0.209•ASTI 3t>0"0.
S.R 2 . ST­
RING 515 7 0.  C Rt 14630.
» 13 u-AOf 0.212
ft A E T f 3t>9«fi.
S.R 2 . 5 2 5
ol t r -  5 2 7 - 0 .  0»E 1 5- op.
» 1 <• GRtnf 0 .21?
3*>ojr.  
S.R 2 . 3 3 *
6 0 *0  5 3 2 0 0 .  <•*£ 16350.
• ib r,»AOf 0.21"
•> ARTE 36VR0.
S.P ?.?5R
P G P A D E S
0 . 1 0 0  0 . 1 50  0 . 200
37RP. 2 7 00.  1<*9<>.
O.lOk, 0 . 2 23  0 . 27 r
3 ftO« o. 37 c3 p . 302 3i<.
0 . 7 7 2  13 .50 5 2 o. 320
73bO. 5 7 0 0 .  S I * " .
0.2*2 0.221 0.2or
3 7 1 ? ' .  3 * 6 0 0 . « 1320.
5 . 0 0 3  6 . e a2 1 3 . ( 7 6
1 0200.  * 5 9 0 .  4 * 7 0 .
0 . 2 * 7  0 . 2 2 2  <' .262
3 7 1 2 * .  3 * 220 . «25«0.
3 . 6 0 7  R.S19 * . 7 3 *
12650.  100UC. 6 6 30.
0 . 2 1 0  0 . 2 2 3  0 . 257
5 7 l ? o .  3 * * 3 0 .  <131*0.
2 . 9 3 -  3 . 5 6 9  6 . 6 07
16650 . 127JO. 6 2 * 0 .
0 . 2 1 3  0 . 2 26  0 . 25u
3 71 20 .  3 * * 3 r . 6 3 3 3 * .
2 . 5 6 9  3 . 0 6 *  5 . 2 5 *
1 5620.  13910.  « 3 * o .
0 . 2 1 5  0 . 2 2 5  o . 2 5 i
3 7 12 0.  3 * * 3 0 .  67?-.n.
2 . 3 7 *  2 . 7 9 2  6 . - 2 3
1617 o. 16660.  9030.
0 . 2 1 5  0 . 22e 0 . 251
37 120 .  3 * * 3 0 .  63 360 .
2 . ?9 b  2 . 6 * 5  6 . 3n7













6 5 0 3 C . 
1 4 . 0 2 *
3050. 
0.30? 
6 e 7 ?  0 . 
1 5 . 3 1 s






4 “ 6 6  0. 
1 1 . * o 3
6 2 ft 0 . 
0.29(i 
6 9 0 3 0. 
11.505
A R T H U R  L A K E S  L I B R A R Y  
C O L O R A D O  S C H O O L  of M I N E S  
G O L D E N ,  C O L O R A D O  80401
ER-2905
r u n* 3?53. PAGF fc Vfcns 7P3V1 DATE 31-Uct-*3 T ] '-t 1 6 : o 1
T H E S I S  P I N I N G  C S V  P R O J E C T
** jr, thesis rs" pit pesepves pit » C2 ->ench 20 cutoff 0.20 **
TA PL E 2. C U M U L A T I V E  P E S E P V E S
PLCCl- * PIT FILES = ThEPIR.PLK THECIP.PC2 
TDPOGRAFHY VATPIX = THEPI°.TQP 
TONNAGE FACTOR = 12.5000
PFNCH total c u t o f f  g r a d e s
0.050 O.loo 0.150 0 . 2 (10
6750 8*0. O F  0. 0. 0. 0.
ft 1 C-4APE t'.OOo O . O O O  ('.Oft'* O . O O O
* A'Tfc 8 50. 8 n 0 . 880. 8H0.
S.k 0.000 0.U o 0 0. 000 0 . 0 0 0
47 0 0 233 0. fik’t 0. 0. 0. 0.
r ? GRAPF 0.0 00 0.000 0.0 00 0.00 0
• A s T E 2 7 3 0. 2330 . 2330. 2330.
S . - f; . 0 0 " 0. 000 0. 000 O.OoO
41> R 0 dhtl l. , *' - I 0. 0. 0. 0.
* 3 (-=■► r>t <-.ooo o.ooo o.ooo o.oon
•' A 0 T f 6 6 - 0 .  4 6 4 0  . 4 6 4 0 .  - 6 4 0 .
S.- c.000 0.000 0.000 0.000
460 0 1 01 6 0. P5 E 0.
s 4 r-SATE O.o Oil
A s T F 10 16 0.
S . * 0.000
4 5c o 21 3 5 0. Or. 0. .
ft 5 GRAPE 0.000
vASTF 21350.
S . k o . 0 0 0
4 5 0 0 3 4 7 0 o. r p F 0.
o ti grade o.ooo
r A S T E 347 0 0.
S . <- 0.000
6450 46850. fiFE 0.
F 7 GR-DE 0.00 c
irASTt 4600.
S.F O.OOd
4400 57700. PRt 0.




0. 00 0 0 . 00 0 0 .0110
1 0 1 mo . lOih'o. 1 o i r>o .
0 . 000 0. 000 0.0 o0
0 . 0 . (I .
0.000 0.000 O . O O f
21350. 21350. 21350.
0.0 o 0 0.000 n.ooc
o. 0. 0.
0.000 0.000 0.000
3-700. 34700. 347 fI.
0.(100 o.ooo 0.000
0. 0. 0.
O .O O f  0.000 0.000





0.00 0 0.000 0.0 00
TABLE C.2 CUMULATIVE ORE RESERVE SUMMARY POR PIT
DESIGN #C2 BENCH 20
0.250
0.
0 . (• 0 (■ 
P *C . 
0 . 0 0 0
0 .
O . O O f 
2330. 
C . 0 0 0
0 .












0 . ( 0 
3 - 7(| 0 . 
O.OOO
0 .








PUN# 325 3. F AGF 7 ♦'Ft'S 7 2 3 V1 DATE 3 l - r - c t - 6 3 TI^E 16:01
7 H E S I S H I N I N G  C 5 *  P P O J E C T
* *  *>INING TmFSIS  c s *  p i t  p e s e p v e s  PIT • C? BENCH 20 CUTOFF 0 . 2 0  **
TA6LE 2 . C U M U L A T I V E  P E S E
BLOC* v PIT FILES S’ TmEDIP.RL*  
THPOGF APpiY m a t r i x  = THEPIP.TDP 
T FINN AGE FACTOP s 1 2. 50 0 0
P V F S
THFD1P.PC2
PE NTH TPT AL C u T C F F G P A I E S
0. 050 0 . loo 0 . 150 0 .?oo 0. 250
4350 6 7370. r f t 6 6 70 . 5990 . 3220. 1500. 850.
t  4 (VFLPE 0 . 1 64 0 . 1 74 0.?1 4 0 . 2 7  0 0. 307
r A M  V 60 700 . 61 38 0. 6 41 50 . 6 5870. 665? 0 .
•S . r 9 . 1 0 0 10. 24  7 1 9. 92 2 4 3 . 91 3 7 8 . 2 5 9
4 300 759f  0. r.nt- 13410. 12250. 671 0 . 3190. ' • 1670.
t 1 0 fi * a r> E 0 .  165 0 . 1 73 0 . 21? 0 . 26 6 0 . 3 0 *
•* ASTt 62 570 . 63 73 0. 6 9270. 7 27 90 . 7 4 3 1 n .
?.o 4 .666 5 . 2 0 2 1 0. 32 3 22. 81  * 4 4 . 49 7
4 ?5 o 8 3 * 5 0 . PPf 10770. 18330. 10390. 4950 . 2 3 * 0 .
* 11 6 * APfc 0 . 167 0 . 1 74 0.211 0.261 0 . 307
* AbTE 6 37rO. 65 22 0. 731f>0. 78 600 . *1 17u.
5 t 3 . 2 26 3 . 5 5 * 7.041 1 5. 87 9 3 4 . 105
4200 9 0130. , wr 2 5 * 2 0 . ?J?0C. 1 4 4 '4 0 . 6 75 0. 306 0.
t  12 GPtPE 0 . I e9 0 . 1 7 5 0 . 2 08 0 . 2 57 0.301
*> A ,N T E 64 310 . 6 5 9 3 0 . 75690. 6338 0. 67070.
S .H 2. 491 2 . 7 2 4 5. ?4? 12 .35 3 2F. 45 4
4150 95 720 . r rf 31 170. 2 °4? 0 . 1 *7 4 0 . 86*0 . 3660.
r 13 C-PtnF 0. 17? 0 . 1 77 0 . 2 l"5 0 . 2 52 0 . ? 9 5
* A5TE 6 45 50 . 6 b3 00 . 7 * 0 8 0 . 67 040 . 9 20 40 .
S.F 2 . u71 2 . 2 5 4 4 . 1 0 8 1 0 . 0 ? A 2 5 . ftl l
rn 1 0 0 4 2 o . 3 5 * 7 0 . 3 4 0 70 . 2?9eO. 10890. 4300.
s ] 4 r.PAnr 0 . 174 0 . 1 7 9 0. 20J 0 . 247 0 . ? 9 0
* ASTF 6 4 5 5 C . 6o350 . 774oO. 8 95 30 . 96120.
S.F 1 .800 1 . 947 3. 379 8. 221 ??.353
4 050 1 04290. DPfc 39740. 37940. 26690. 13030. 4670 .
* 1 5 GFADE 0.177 0.162 . 0.205 0.244 0.287
* ASTF 64550. 66350. 77*00. 91260. 99420.
s.p 1 .624 1.749 2.907 7.004 2 0.415
4 0 0 0 1 07290. (••BE 42740. 40940. 29650. 15120. 5390.
# 1 6 G»’ADF 0. IPO 0.184 0.206 0.243 0. 286
•AST F. 64550. 66350. 77640. 92170. 1019 0 0.
s . » 1.510 1 . 6? 1 2 i 61 9 6.09fr 16.905
TABLE C.2 CONTINUED
ER-2905 197
* ik.» 3 ? * 3 .  p a (»f *» * ' t r'S 7?3V 1 OATE 3 1 - 0 c t - 6 3  T1*E ife:
7 ft F S 1 i  *  1 5 1 N G C S " P R O J E C T
* *  T.«FMf CS» P H  RESERVES p IT •  C? REnC* 20 Cl'TPFF 0 . 2 "  * *
TAFLf 2 .  C 0 F I  L A T 1 V F P E S E c V F. S
HI OO K PIT FILES s T * E P I * . « L 5  ThEDIP.PC?
TPEPl-ft A**Y h aT I I x s ThETJP.T.'P 
Ti>5Ar,£ FACTO* s 12 . 50 00
if. Cw TPTAL C U T ft P F P *  A (> k 5
o.oso 0 . 1 p 0.150 P. 21. o
39*p  
r 17
1 f’°7 i. 0 . C-F
r-« r I






0 . 1 * 7  
fte35C.  
1 . *31
3201o .  
o .?o°
7 7 * * o .
2 . 4 2 7
l a 7 ° o .
P.?l i *  *2*10. 
5 . 5 3 -
39CC 
» 1*
I I I S H .  I 5 t
t . * ;  nr
- a r t f
C k
il?nun.




0 . 1 *4,
a b 3t> 0.
1 ,*f t7
33 620 .
C.2 1 0 
7 77 70 .  
2 . 3 00
1 *3 1 0 .
0.2U7  
932*0. 
5. r> 9 l
3*50  
t  1 o
?*oo#20
11 2*"0. :•*»
{- *■ i I ' L
* AJ-TF
s. *
1 1 3 * 3 0 .  r.vt
r,< APE
a AE-TP 6 .»
A 0 3 4 C . 
0.1*0 
f t *55 P. 
1 . 3 ’ *
<15220.
o . 1 9 1 
6"550. 








1 . 3 * 0
351aO. 
0 . 2 1 3
7 7 7 A {.. 
2.212
3ft050.
0 . 2 1 7  
7 7 7 * 0 .  2.IS*
19570.
0 . 2 9 5  
93 370 .  
4. 771
2<><*fO .
0 . 2 * 5
9 3370.
A.Sfeu
*•* CU«**L'-T L^ni' SESSION: S*J = * *  1 * 0 ‘ TTY = 1M* ?A*-IN
0 . 2 5 C
a 3r' 0. 
0.2*fc
i o 3 u r o .
l a . " 1 1
7 3 0 0 . 
C . 26 * 
1 0 A 2 0 0 . 






0 . 3 0 f 




2'I!vB 3259. PAGE 7 REDS 723V1 DATF 31-Cct-83 TI^F 11>: <
T H E S I  S P I N I N G  C S * P R O J E C T
* *  "imng thesis csp pit rfsfrves pit * c3 gench 25 cutoff- 0.20 **
TAr-LF 2. C u P U L A T I V f  R E S E R V E S
BLOCK & PIT FILFS = THEOIP.RLK THEPIP.PC3 
TOPOGPAPh Y ‘A / T h I V = ThF DIP . TO*
TOM. AGE FACTmP r 12.5000
HEI'CH TOTAL C U T M F
0. 050
"7 50 11 oo. ore 0.
n 1 0 5 A DF 0.000
A S T E 110 0.
S . )■ 0.000
5700 283*. 0*5 0.
e  ? G R A D E  O . O O O
.-■« STL ?53<'..
S . P * . 0 0 0
4^50 55ac. r.RF c.
n 3 GRADE O.f'O*
•'ASTE 5S9 0.
?. - o.o 0 0
Ub ( - 0 1 1 * 0 0 .  0.
t  4 Grade o.ooo
* A s T F. 11*00.
S . f 0 . 0 0 0
9550 25*40. f'RL 0.
e 5 GRAL't o.DOO
* A 5 T E 25940.
S . P O.OOO
4500 44030. n*E 0.
O b  C*ADF 0.000
/, AETt ' 4 4 0 3c.
S.r 0.0 00
4450 65550. L'»E 0.
s 7 GRADE 0. o c (.
v.ASTE h5*5C.
S.R 0.0o 0
4400 86410. ('RE 0.
0 6 G*ADE 0.00 0
"A S T E 86410.
S.1 0.000
F G R A D E R
0.100 0.150 0.200
0. 0. 0.
0. 00 0 0.000 0.000
110 0. 1100. 1)00.






I'. 0 0 0 0.0 00 0. 000
55 a n. 5540. 5540.
O.OOC 0. 00 0 (1. 00 0
0. 0. 0.
o.ooo o.ooo o.ooo
119 0 0. 11500. 11900.
O.OOlj O.ooo 0.000
o . 0 . 0 .
o.ooo • . 000 o . r> o fi
25*40. 2r- 5 4 0 . 25*4 0 .
0.00 0 (.00 0 0.000
0 . 0 . 0 .
o . no o • . no o o. or *
49030 . 4 *. n 3 0 . 44030.
O.ooo i .non o.on n
0. 0. 0.





8b4 1 0 . Sb-'JIO. 86410.






















n . r 0 o 
4 u 0 3 ’1 . 
(i . 0 0 o
0.
0 . r i 0 « 
t 5 H 5 0 .
0 . 0 0 0
0.
0 . 0 0 0  
8 b 4 10. 
0 . 0 * 0
TABLE C.3 CUMULATIVE CRE RESERVE SUMMARY FOR PIT
DESIGN #C3 BENCH 25
ER-2905 199
3 2 * 9 .  • 4C.f *■ ►tns 7 25V1 DtT*  5 1 - - e t - M  TT'F I * : ' ; ?
T P E R I 3 A I M I N G  C R “ F *  f> J E C T
«*  « 11. T *.G t - E S I S  CS‘ FIT RFbfevES PIT t C3 BE'-Ci- 25 C«»T'.«fF o.?<. • •
TAbLL ?.  C L ‘ I' I t  T ] V f 9 f S f F V E *
BLOC* fc H I  FILER = T - t n i P . b L * T HfDJF. fC3
TnPOi-c^p -  Y T » J > = T *-fc n 1 P . T f.iP
TO*. Ht  GF f AT Ti .*» = 1 2 . 50 00
eEcC*- total c u T n r f r, p a I I 5
0 . 0 50 0 . 1 00 ( . I S O 0 . 2 '  0
-  35 0 1P53J0.  LfcF f<4 ? r . eb“ n . * 5f> c . 1550.
t 4 o-4.“ F 0.151 0 . 1 7  c ' . 2 1 0 0 .?ee
• t 5T* 9 *0  1 e . 0969 0. 10 177 0. 1037PC.
£ .«■ 11 .51 0 1 9 . 7 9 - 1- .55 7 6 6 . °55
9lOP 122 7 30.  - P{ 1 7 1 f> o . 1 3 *9 0 . 79 30. 3350 .
•  1 0 G =: o< i i . l = (' 0.  1 7 0 ■ . 20 9 0. 2h3
A 5 T i 1o * 5 5 ( . 1 0«i‘ Oi . 1 l c 3'-»0. 1193=0.
5 . t 6 . 1 -  - 7 . fc ►> - I 1 . 5 1 1 35 .63 b
92*0 l3*"e"P. 2 * 7 9 0 . 2 111c. 1 : 500 . 525 0.
* 1 l ,-.i t r i 0. 15? 0 . 1 * ' “ . - .207 »..?5 ->
• » 5 U 112“ - o . 1 17570. 1 2 7 1 - 0 . I 3 3 “ >r .
c §. 9 . 3 * 6 5 . 5e “ 1 1 . 0 * 9 2 5 . - 1 5
<4?CC 1532SC. OPL 3-4310. 2f*M r . 160 TO. 7 2 K .
* 1? G p i  O E <' .  1 =< 0.  lew 0 . 20  5 0 . 259
*■ A S T f 11 ® 9 - r . 129690. 137250. 16609 0.
S.* 3 . 9 67 9 . 357 * . 5 7 e 2 0 . 2 5 5
<4150 lfeb<4 u0 . t P = 9 22 10 . 3 5990. 2 09 70 . 936 0.
» 13 r.e t*)£ C. 1*6 0.  1 7 it 0 . 2 03 0 • 2 9 W
* ASTc 129190. 1 30960. 195930. 157 0 9 0.
S . - ?.9<i? 3 . b3 0 6 . 9 3 5 16. 776
Cl 00 I 7 e ? l 0 .  C PL 9 * 7 3 0 . 9 31 50 . 2 62 60 . 1 17P0.
•  1 <4 r-OAOf 0 . 1 5 “ U. 171 0.201 0 . 2 95
» TE 12b<4*0. I 3 5 0 e 0 . 1 5 1 ° 50 . 1669 3 C.
s.= 2 . 5 9 9 3 .  1*31 5 . 7  fee 1 - . 1 2 F
<4050 1 BP 900 . C'Pt 57 390 . 5 09 7c . 31 550 . 191 -  r .
*  1* GPAf'f O. l f r l 0 . 17? 0. 201 0 . 2 9 3
»• A f  T E 131510. 1 3*4930. 157350. 1 79720.
S . * 2 . 2 9 ? 2 .  7<*3 9 . w67 1 2 . 32 2
ccon 19**<4 i o .  r » i 6 52 00 . 5 78 90 . 3 72 30 . 16690.
•  1 e GMiDE 0 . 1 6 2 0 .  172 0 . 2 0  0 0 . 291
* A S T t 133210. 190570. 1 6 1 1 - 0 . 181770.









7 2 . -wi
?u jO .











e . ? * 9  




3 b . u Ot
5610. 
0.2*5 




RUt.s 3254. PAGE 9 WEDS 723V1 DATE 31-nCt-83 Tl'/fc lb:02
T h F S I fe M I N I N G  C S w P R O J E C T
** pining thesis csr pit rfsepves pit * C3 bencr 25 cutoff o.?o **
TARLE 2 .  C U f U L A T l v F  R F S E P V E S
BLOCK s. PIT FILES = THEDIP.BLK THE0IP.PC3 
TOPOGPAPh Y MATRIX = THEDIP.TOP 
TONNAGE FACTOR = 12.5000
FE^CH TOTAL C U T O F F C - R A U E S





3 55 0 
e l<?
2 0 6 H 2 0 .
21415C.
2 2 0 A 5 0 .
(RE 
GRADE 













































1 6 7 7 0 .  
0 . 2 4 ?  
1 8 8 0 5 0 .  
10.019
21 130. 
0 . 2 4 3  
19 3 0 2 0. 
9 . 1 3 5
2 3 6 7 0 .
0 . 2 4 6
196550.
5 . 2 3 5
6 5 2 0 .  
0 . 2 6 7  
^ 0 0 3  0 0. 
30 . 7 2 1
7 7 6 0 .  
C . 2 6 <■ 
2 0 6 3 9 J . 
26.597
9 3 9 0 .  
0 . 2 6 °  
21 10b0. 









































5 9 4 8 0 .








0 . 3 1 L 
216650.
1 4 . 6 8 0
3700 
p 22










































































2 0 6 7 0 .  
0 . 3 4 2  
2 1 8 3 9 0 .  






p t t t *  325<*. HCF 10 “ EDS 723 v 3 D4TE 3l-0ct-P3 T J-F lo.-o?
t h e s i s  h i k i n g  c s p p r o j e c t
* *  * I M N G  TfFSI S CS* PIT BESEPWES PIT •  C3 BENC* 25 CUTOFF 0 . 20  • •
T*KLE 2 .  C L * I L * T 1 V t  R E S E R V E S
BLOC*- fc PIT FILES = ThEDIP.BL* TMED1P.PC3 
TOPDC-f-4p*-T MATRIX = TnEClP.TuP  
TO'.NAGf FACTOR = 12 . 50 00
TOTAL
2*0100. i. PI
*. l 0 £ 
* ft S T f
C U T O F F  
0. OS"
1 0 2 B 7 O .
1 . 1 9b 
1 3 7 1 3 0 .
1 .33 2
G P 4 0 F S 





-• .23o  







21« ° 0. 
o.3w? 
2 1 ► r 1 r- . 
10.173
C.-BPEM LOOJ' SESSION: SPu s Bt>67 f) TTr = 1HB
TABLE C.3 CONTINUED
ER-2905 202
RUK# 3255. PAGE 7 *EPS 723V1 PATE 31-0ct-«3 TI^F 16:02
T H E S I S  L I N I N G  C S M P B n j E C T
** MINING THESIS CS” PIT RESERVES PIT n C« BENCH 27 CUTOFF 0.20 **
TAELF 2. C U M U L A T I V E  R E S E R V E S
BLOCK & PIT FILES s THEPIP.BLK THFDIP.PC4 
TOPOGPAPhY wATkI X = TrtEPIP.TOP 






0 65 C 
A 3




















G P A 0 E 












r A 5 T r 
S.R
f'Kt















C U T O F F
0.050
0.












































0 . 0 on
0.




























































































0 . 0 0 0
0.























TABLE C.4 CUMULATIVE ORE RESERVE SUMMARY FOR PIT
DESIGN #C4 BENCH 27
ER-2905 203
n f f  r
935"














PU* * 3255.  PAGf f  • ' ITS 7 23V1 DATE 3 1 - f ' c t - * 3  TlMf  16:02
I h f S l S  -  I N 1 N C  C S « 4  P *  U J E C 1
*«  w]:jJf.C- T*-F S1S CS*' PIT PFSFRVES PJT • C<4 *£NC* 27 CuTfiFF 0 . 2 0  * *
T»PLF 2 .  C L ' *  U l  A 7 1 V F B F S £ P V F S
HI l'C * L r  3 T FILES S Th£P1p . « l * 1MEDJP.PC9 
TpPnCB«Pt-Y * A T * ] *  s T^E^JP. I l 'P  
Tfi'.NAr,c F»CtiiB s 12 . 50 00
t o t a l C li T fi F F g r a d e s
0.  050 0.100 0.1*0 n . ? o o 0. 250
j r. r, C j r . , y f
1 . - 4 .  " ' L
. L F T f
* 9 3 0 .  
C. 151 
9 * 5 1 0 .  
1 l.-Fe
e > 7 n n ,  
0. 170  
1 002440 . 
l«.Ool
35 60.  
0.21 ■> 
1 0 3 3 * 0 .  






10 6 0 9 0.
1 ? U . *> 1 ?
1 2 44 07  * .  M - C
r,4- ipt
* A S 1 £
17210.  
r .15?  




1111 u o . 
• . 0 1 0
74430. 
0 . 2 0 9  
1 1 7 5 - 0 .  
15 . • ?!•
3 3 5 * .
0 . 2 63
121620.
3 6 . 3 0 4 4
1670.  
t . 3 0 *  
1233;,0.  
7 3 . * 3 ?
1 <41446 0. rwf
ntilf
2 5 * 1 o.  
* . 15? 
1 15*) *" .




5 . 6 7 °
1 1500.  
0 .2 0 7
1299614.
1 1 . 3 0 1
5 2 50.
0 . 259  
136210.  
2 5 . 9 4 5
244 0 0 . 
0. 306  
139060.
5 7  . 9 4 4 ?
1 5  I.) . , Of
r,t. £
* A i  T E 
S . *
3*4-4 44 0 .  













1 4 1 9 1 0  f i  .
20.720
3 C-B C . 
0.30 1 
153520.
44 5 .  * u 9
17(-?su. f>E
r*PADt 
6 A 5 T E 
5 .  *
















37 1 C . 
C.295 
16-5r n.
9  44 .  9  o  r
lP?4,fca. ro(
O  * *E 





2 . 6 5 4 4












44 3  °  0 .  
0 . 2 * 9  
1 7 * ?® 0. 
9 0 . 6 1 ?
1 9 3*2 C . I-9F
GPAOE 
6 A S T t
S.*
5770C. 
0 . 1 6 0 















C . ?*- 
1 *-7 70. 
37.3*0
203740. PPF








1 4 l 5 5 ? o .  








1 1 . 2*9
561 0. 
0.2*5 




»-un»  3 2 5 5 .  o  7 ? x w i  d a t e  3 i - n e r - * 5  t i - f  1 #*:
1 (■ t 5 1 5 » ] fc ] « b ' c S M P R O J E C T
• * «IM*G TfFils rs* PIT PFSEP^ES PIT • C* PE*C** 27 CUTOff P.20 ••
T»HLf ?. C U f f L * T I v E  * < E S E ® V f S
* L O t >  «. P ]  T F K F f  s T " E D ! ® . *> L «  W D 1 P . ® C «
1 PP 0 G*  » e r f  s T « £ D I * > .  T.7P
Tn»  A 4 G L  r * f T i l P  *  i ? . 5 o o n
fFVC*i Tf.lAL














H o n  
• ?*
? 1 2* 7 f . '. **
. » s T c
?2< ?*o.












r A M f r  
S.*>
2*1 . n












C ii T r> P F
o.oso
71 Of,©.
0 .  163 
l a ' b l r.
1. ®5*
7 * 1 7 0 .
G. 1 65
l * m o .
1 .* 1*
* 3 * ? r .
0 . 1 * 7  
i * 3 i & r . 
1 . 7 0 *
6 93*0.




0 . 1 7 *
l * 3 * b O .
1.5?b
O7OQ0.




l *3 * 7 f > .
1 . * 1 °
103 J * r .
C.1®3
W l u * 0 .
1 . 5 * 7
r. s i r f s
o. 100
6 3 7 * p .
o. 17«  
1 * H 3 " .  
2.lib
6 t 7 h O .
0 .  1 7 0 
1 5 1 5 2 0 .
2 . 2f *
7 3 5 7  r .  
C . 17 «  
1 5 3 J 1 0 .  
2.0*5
7 * » « n .
<•. 1 “c 
1 5 3 * - “ .
1 .  ®5u
* 3 5 ? r .  
0.102 
1 * 3 0 * 0 .  
1 .*«*
6 7 * 7 0 .  
0 . 1 0 * .  
1 5 3 ® * " .  
1 . 7 b i >
® 0 5 b " .  
0.20? 
1 5 3 0 ®  o .  




1 . b * 7
0 . 1 50
0 1 * 5 0 .  
0.201 
17 0721/.
a . 0 70  
« 5 0 7 o .
o .  2 0 2
1 7 * 3 1 0 .
3 . 7 0?
5 0 2 2 0 .  
0 . 2 0 5  
1 7 * 7 * 0 .  
3 . 5 2 0
5 5 2 2 0 .
0 . 2 1 3
177510.
3 . 2 1 5
5°bbO.  
0.210 
17 7 e * 0 .  
2.061
o 3 5 * o .
0 . 2 2 *
l 7 7 * o o .2.70*
O* p 30.
0 . 2 3 0
I 7 7 0 ? r .
2 . b 7 0
6*®60.
0 . 2 3 5  
1776*.0, 






2 11 30 .
0 . 2 * 3
10011,0.
o.a?5
2 3 * 7 0 .
0.2** 




2 0 * 7 7 0 .
7.32*
3 16 00 .
0.2*5
205®00.
6 . 5 1 *
3 * 8 2 0 .
0.2 70 
?0nb30.
5 . 0 3 *
3 7 * 3 0 .
0.27P
2 07 12 0 .
5 . 5 3 *
3 9 6 5 0 .
0 .26* 
2 07 27 0 .
5 . 2 2 7
0.250
*5 2  0.  
0.257 
? Cb' e U.
31 . * 0 3






? 1 75* u. 





0 . 3 1 *
222*10.
15.167
1 6 * * 0 .
0.32*
?2*b 1 0 .
1 3 . 3 3 '
100*0.
C.337 
22551 0.  
11.***
2oo 1





PUK» 3 2 * 5 .  F*GF 1C •' IPS 723V l DATE 3 1 - O c t - e 3  T I * E  l b : 0 2
T ♦- E S 1 i> M J K 1 N G C 5 « P R O J E C T
*« T « f M S  CS* PIT RESERVES PIT • C« 8EwC« 27 CUTOEf 0 . 2 0  • •
TAPl E 2 .  C O P U L A T I V E  P E S E ^ v F S
fiLCC* » PIT FILES s THEPIP.BL* THEP]P.PC*
TPPP(.fiAP-V - A T ^ I x  s T*">£ P ] P . T OP 








2* « 3 r 0. -Of
r,u*,of

















1 * 3 5 3 0 .
1.3 to
105750.*. 1 °5 
1 * 3 5 3 0 .
1 .3*7
G R A P E S
0.10O
9 * 3 * 0 . 
n.?r7 
15* PC''. 





° 5 2 3 r’ . 
0.?P* 
is«o5c. 
1 . m  *
0.150
7 0 3 3 0 .
0.  23** 
1 7 * 0 0 0 .  
2 . 5 2 9
7105 0. 
0 . ?3f> 
1 7 * 0 5 0 .  
2 . 5 0 b
7 1 2 3 0 .  
0 . 2 3 b  
1 7 * 0 5 0 .  
2.500
0.200







4 1 . 90*
*1710.
V.2P4J
2 07 57 0.
*.977
* * *  C U R P F *  T L r ! G 1 1 SE SS11,K' : 5PU s *9150 TT V s 1 HR S0"If<
0 . 2 50
2 1 * 7 0 .  






223b 0.  
0.3<i? 




»Ui:» 327 3 .  FAG.F 5 REDS 723V1 DATt l - N o v - P 3  TI»E OQju?
T H E S I S  M I N I N G  C S M P R O J E C T
* *  MINING THESIS CSm P H  RfbFRVES PIT * D1 9E NCH 19 CUTOFF 0 . 1 5  * *
TABLE ?.  C U M U L A T I V E  R E S E R V E S
BLOC* &. PIT FILES = THEMP. BL k ThEOIP.PDI  
TOPOGRAPHY MATRIX = THEOIP.TOP 
TONNAGE FACTOR = 12 . 50  00
BENCH TOTAL C U T 0 F
0.050
4 7 5 0  1 ? 6 0 .  ORE 0.
e I G D A D t 0 . 0 0  0
-'AfTE 12eO.
S.h 0 . 0 0  0
«7 0 0 31bO. rn 0.
• 2 GRADE 0.000
r.A.STf 31*0.
? . 0 . 0 0 0
44 6*40 5070. IFF 0.
r 3 GPRDt 0.000
i-ASTt 6070.
S.t- O.OOn
0 b 0 0 122*4C. ORE 0.
tr U  G R A D E  0 . 0 0 0
a A ? T E 1 22*40 .
S . P 0.000
4(550 23980. fPE. 0.
» 5 CRAPF O.oon
* A S T F 23980.
S.R 0.0 C 0
4*500 37*450 . PPF 0.
t  6 GRADE 0.O0U
'■ A S T F 3 7 R 5 f .
s.- 0.000
iiâ c <19590. OPf 0.
p 7 GRADE 0.0 C o
A 5 T E *4 9 5 r C .
S.R 0 . 0 0 0
4( 4 0 0 6 0050. CPE 0.
» 6 GRADE O.OOO
I'ASTE 60050.
S .F 0 . 0 0 0
F G R A D E S
0 . 1 0 C  0 . 1 5 0  0 . 2 0 O
0. 0. 0.
0 . 0 0 0  0 . 0 0 0  0 .0on
1?60. 1260. 1260.
('. 000 0. 000 0 . 0 fm
0. 0. 0.
O . n p O  O . o p o  0 . 0  00
3 1 * 0 .  3 1 o 0. 3 1 6 0 .
u . 0 n C O . O O O  0 . 0 0 0
o. 0. 0 .
0.00 0 0.000 o . n c o
6 0 7 0 .  6 0 7 0 .  6 (170.
0 . 0 0 0  0 . 0 0 0  0 . 0 0 0
0. 0. 0.
0 . 0 0 0  0 . 0 0 0  0 . 0 0 0
1 2 2 * 4 0  .  1 2 2 * 4 0 .  1 ? 2 < 4 0 .
O . O O O  0 . 0 0 0  0 . 0 0 0
0. 0. 0.
o . o o o  o . o o c  0.000
2 3 9 p 0 . 2 3 ° * 0 .  2 3 9 6 0 .
0.000 o . o o o  0.000
0. 0. 0 .
0 . 0 0 0  C . 0 0 0  0 . 0 0 0
374(50. 374450. 374450.
0.000 0.000 0,00 0
0. 0. 0 .
o . o o o  0.0 no 0.0011
44®5P n . 4(9560. 419580.
o . o n o  0.000 0.000
0. 0 . 0 .
0.000 0.00 0 0.000
604150. 604(50. 604(50 .
0 . 0 0 0  0 . 0 0 0  n . 0 0 0
0 . 2 5 0  
0 .
0 . 0 n p
1 26 0 . 
0 . 0 0 0
0.
0 . n 0 0 
31 oO.
0 . 0 0 0
0.
0. n o 0 
6 0 7 0. 
0 . 0 0 0
0.
0 . 0 0  0 
1 22*40 . 
0 . 0 0 0
0.
0 . 0 0 0 
234460. 
0 . 0 0  0
0.




n . n 0 0 
*4 44560. 
0 . 0 0 0
0.
0 . 0 0 0  
6 0 *4 R 0 .
n . 0 0 ('
TABLE C.5 CUMULATIVE ORE RESERVE SUMMARY POR PITDESIGN #D1 BENCH 15
ER-2905 207
Wlit *  3273.  PAGE 6 * l * S  723V1 DATF t f r f  09:4?
T h £ s 1 5 * I *  1 *  G C S *  P R O J E C T
•  • Hl'.'TNG T nf Sl S CS* PIT PFSE8VES PIT • 01 “ ENC* IS CUTOFF 0.15 ••
TA8LE ?.  C U k c L A T I v E  P E S E S V E S
bLOC* A P H  FILE? = THEr.IP.3LA ThEDIP.PDI  
TOPOi-AAPHV HAT A I X s ThEDIP.TDP 


















A t  0 4  0 ,
9?5«'
9 S ? f ‘C ,
net
RtAOfc 




' 15- T r 
S
C PI 
C-P A Of 







f  , f
1 0? 7 * 0 . f-tf
G « t  n  E
* A s T fc 
S.*
1 0 6 3 3 0 .  OPf
GPtrt 
a A 5 T t 
S.F
C U T O F F
0 . 0 50
704 0.
0 . 1 fc 3
t-30r>r.
*■.95?
1 4 ? 1 o .




0. 1 t 7 
6 5 ? 3 r .
3 . 17 5
? 7 o a 0 . 
0.16° 
65500.









4 r 77 0.
0.  1 7 A 
6*5oO.
1 .608











0 . 1 73  
6 t 5 3 0 . 











































7 915 0 .
2.771
0.200
1 5 ? 0 .  






















8 .  4 6 4
1 2 6 4 0 .
0 . 2 4 -
9 3 4 « 0 .
7.281
CURPEM i n n *  SESSION: SPU = 1 2 4 6 6  tty s Ohp 20*'IN






















I* . 2 9 f 
9-54 0 . 
23.?41
48 00. 





RUN* 327*4 . PAGF 6 MEPS 723V1 DATE 1-Hovb^ TIME 0 «> S 0 3
t h e s i s  m i n i n g  c s m  p r o j e c t
** MINING THESIS CSM PIT RESERVES PIT * D? BENCH 20 CUTOFF 0.15 **
TABLE 2. C U M U L A T I V E  R E S E R V E S
BLOCK E PIT FILES s THEDIP.BLK THEDIP.PP2 
TOPOGPaPm Y MATRIX = THE0IP.TOP 




















6 b e■ o.
13960.









GF *- OE 
» A 5- 71 
S . R
CjRF








PR A OE 





















o. o 0 u
35*0.






1 3 9 o 0 . 
0 . 0 0 0
0.
0 . 0 0 0 
2 * 5 1 0 .  
0.000
0.




0 . 0 0 U 
6<4650. 




0 . 0 0 0
G R A P E S  
0 . 1 0 0  0 . 1 5 0
0.
0.000
1 « 3 0 .
0.000
0.
0 . ft 0 f, 
3 5 6 0 .  
0.000
0.
0 . 0 o o 
6?eo.
0 . 0 0  0
0.
0 . 0 0 0  
13 9 6 0 .  
V .000
0.
0 . 0 o o
26510.
0 . 0 0 0
0.
0 . 0 0 0  
<1651 0.
o .  o n o
0.
0 . 0 0 0  
6 <4650. 
0 . 0 0 0
0.
0 . 0 0 0
8 1 6 1 0 .
0 . 0 0 0
0.
0.000 
1« 3 0 .
0.000
0.
0 . 0 0 0 







o . 0 0 0
139oP.
o .  o c o
0.
0.000 
2 P 5 1 0 .  




o .  o o o
0.
0 . o 0 0










































1 R 3 0  . 
0.000
0.













2 6 5 1 0 .
0.000
0.
(i . 0 0 0




6 * 8 5 0 .
0.000
0 .
n 0 . 0 0 0  
81610. 
0.000
TABLE C.6 CUMULATIVE ORE RESERVE SUMMARY FOR BIT
DESIGN #D2 BENCH 20
ER-2905 209
M J N «  3 2 7 4 .  P A R E  7 M E P S  7 2 3 V 1  D A T E  l - N 0 v - 6 3  T I " E  C 9 ;u3
T H E S I S  m i n i n g  C S M p r o j e c t
** m i m n g  t h e s i s  c s *  pit p e s e p v f s  p i t  n 02 p e n c *  20 c u t o f f  o . i s  * *
T A E L E  2. C II M U L A T 1 V £ R E S E R V E S
8 L 0 C F  & P I T  F I L E S  = T H E D I P . 5 L K  T h E D I P . P O ?
T O P O G R A P H Y  * a T p IX s T h E P I P . T O P  
T O N N A G E  F A C T O R  = 1 2 . * 0 0 0
HEr CH






A ? 0 0 
» 1?
4 1 SO 
s 1 3
u Oc 0 
= IS
T O T A L
110*20.
13 4X90.







i A E T t
PWE
r- p a r't. 















C 0  T O F E 
O . O S O  
8 320 .
0 .  1 5 5  
8  6 S 1 0 . 
10.63*
1 6 * 6 0  .






3.. ° 0 9
3 3 4 X 0  .
C . 1 5 9













1 . 9 0 6

















3 . 5 5 2
37070. 
0.170 




1 09660 . 
2.474




0 . 1 5 0
3 7 1 0 .
0.20*
9 3 1 2 0 .
25.10(4
7 7 7 0 .  
0 . 2 0 7  
1 0 3 0 5 0 .  
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0 . 0 0 0  












8450 0 . 
O.ooo
« 4 0 0 





















1 O b 4 1 0 .  
O.OOC
TABLE C.10 CUMULATIVE ORE RESERVE SUMMARY FOR PIT
DESIGN #E2 BENCH 20
ER-2905 222
HUN# 3295. pAGE 7 MEDS 723V1 HATE l-Nov-83 TI*e 10:37
T H E S I S  M I N I N G  C S M  P R O J E C T
*<* Ml N T f.'G THESIS CS* PIT RESERVES PIT « E2 BENCH ?0 CUTOFF 0.10 **
TABLE 2. C U M U L A T I V E  R E S E R V E S
BLOCK & PIT FILES s THEDIP.BLK ThEDIP.PE?
TOPOGRAPHY MATRIX = THEDIP.TOP 
TONNAGE FACTCjR s 12.5000
ri E N C H TOTAL C U T O F F G R A D E S

















































































177900. ! Hi  
f.PADE 
































































































































RUNA 32«5. F AGE 8 MfOS 723V1 DATE l-Nov-83 TI«e 10!
T H E S I S  M I N I  N G  C S M P R O J E C T
«* PINING THESIS CS* PIT RESERVES PIT A E2 BENCH 20 CUTOFF 0.10 * *
TABLE 2. C U M U L A T I V E  R E S E R V E S
BLOCK (S. PIT FILFS = THEPIP.BL* THEDIP.PE2 
TOPOGRAPHY MATRIX = THEDIP.TOP 


































































































*** CUPRENT LOGIN SESSIHN: SRU = 207301 TTY s 1HR 15MIK



















RUN* 3?«b. t-fiGE 7 MEnS 723V1 HATE l-Nov-P3 TI^C 10:39
T H E S I S  M I N I N G  C S M  P R O J E C T
** MI :j j N G THESIS CSm PIT PFSFRVES PIT * E3 BENCH 25 CUTOFF 0.10 **
TABLF 2. C O P U L A T I V E  R F S F W V E S
BLOCK h PIT FILES = THEPIP.BLH THE.OIP.PE3
TOP OGP A PHY MaTklX = THE 01P.TOP


















G p A 0 L 
a ASTE













o . o o o

















O . n o o
o.
0.000 


































































4 2 B 4 0 .  OWE




































o. o o o
68520.



























4 2 6 4 0 .




o . o o o
0 .
0.000 













0 . 0 0 0
0.
O.OOC' 





O . O O C
TABLE C.11 CUMULATIVE ORE RESERVE SUMMARY POR PIT
DESIGN #E3 BENCH 25
i
ER-2905 225
PUN* 3?06. PAGE 8 PEDS 723V1 DATE I-Nq v -83 Tl^F 10:39
T H E S I S  M I N I N G  C S M  P R O J E C T
** mining thesis cs* pit rfsfrves pit » E3 bench 25 cutciee 0.10 **
TABLE 2. C U M U L A T I V E  R E S E R V E S
BLOCK R PIT FILES = THEDIp.9LK THEDIP.PF3 
TOPOGRAPHY MATRIX = THEDIP-TOP 
TONNAGE FACTOR = 12.5000
mENCh


























G R A D E  






























C U T O F F
0.050






































































































































































RUM* 329b. RAGE 9 MEDS 723V1 DAT? l-Nov-83 TIME 10:39
T H E S I S  L I N I N G  C S M  P R O J E C T
* *  MINING THESIS CS* PIT RESFRVES PIT * E3 BENCH 29 CUTOFF 0.10 **
TAbLE 2. C U M U L A T I V E  R E S E R V E S
HLOC* 8 PIT FILES = THEDIP.BLK THFDIP.PF3 
TOPOGRAPHY MATRIX = ThEDIP.TOP 





























































































G P A r  E s 
0.100 0.150
66380. 



































































































































PIIM 3296. e * r , F  jo “EDS 723V1 PATE l-Ne>v-t»3 TJ**E 10:35
T h E S I S  M I N I N G  C S m P R O J E C T
•• mining thesis ts* pit pfsfpves p i t  • E3 rfncm cutoff o . i o  *•
TABLE 2. C U M U L A T I V E  R E S E R V E S
bLCC* i PIT FILES = TmEDIP.BL* 1hEP1P.PF3 
Tnpnc-BAPHV MATPIX r ThEPIP.TQP 
tonnage factor s 12.5000




G R A11E 
* ASTF 
S.R
c u t o f f
0.050
1 5 5 1 RP.
P. 17B 
2 3 2 3 0 0 .
1 .««> 7
G R A D E S
0.100
1 3R5r i>.
P. 1 PR 
2R7O50. 
1 . 7 7 7
0 . 1 5 0
R0R50. 
0.2?e 




0 . 2 7 ®
3 « 0 0 7 0 .
7 . 1 7 1
ruRRE'.T L rr> T N S E S S I O N : S B u  = 2 0 7 * 5 6  T T Y  s 1 H® 1 6 “ IN
0 . 2 5 0
2 3 * R P .
0 . 3r; 




RUNS 3?97. PAPE 7 MEDS 723V1 DATE l-Nov-63 TJm E 10:40
t h f s i s  m i n i n g  C S m P R O J E C T
** MINING TMESIS CS« PIT RESERVES PIT u EA BENCH 27 CUTOFF 0.10 •*
TABLE 2. C U M U L A T I V E  R E S E R V E S
BLOCK & PIT FILES s THEP1P.BLK THEDIP.PF4 
TOPOGRAPHY MATRIX = THEDIP.TOP 
TONNAGE FACTOR = 12.5000
BENCH TOTAL C U T O F F
0.050
G R A D F S 
0.100 0.150 0.200 0.250
4750 
» 1


















































































































































































































TABLE C.12 CUMULATIVE ORE RESERVE SUMMARY FOR PIT
DESIGN #E4 BENCH 27
ER-2905 229
RUN* 3207. PAGE 8 *EDS 723V1 DATE l-Nov-83 TI”E 10:40
T H E S I S  L I N I N G  C S M  P R O J E C T
** M1MHG THFSIS CSM PIT RFSFRVES PIT U E4 BENCH 27 CUTOFF 0.10 **
TAbLE 2. C U M U L A T I V E  R E S E R V E S
BLOCK I  PIT FILES = THEDIP.BLK THE DIP.P£4 
TOPOGRAPHY MATRIX = THEDIP.TOP 
TONMAGF. FACTOR = 12.5000
i'>Ef"CH TOTAL C U T O F F G R A D E S
0.050 0.100 0.150 0.200 0.250
4350 162170. URE 10580. 8650. 4220. 1580. 850.
t 9 GPADE 0.147 0. 162 0.202 0.267 0.307
hASTE 151590. 153520. 157950. 160590. 161320.
S.F 14.328 17.746 37.429 101.639 109.78*
4300 1 P 9 8 4 0 . ORE 21600. 17890. 9040. 3510. 1670.
s 1 0 GPADE 0.149 0.163 0.202 0.260 0.30*
■a  A S T E 168240. 171950. 180800. 186330. 188170.
S.F 7.789 9.612 20.000 53.085 112.677
4250 215600. ORE 327&0. 27600. 14320. 56*0. 2460.
« 11 GPADE 0.150 0. 1 64 0.201 0.256 0.305
a ASTE 182*40. 188000. 2012*0. 209920. 213140.
S.P 5.581 6.812 14.056 36.958 06.64?
4200 239620. •JRE 44260. 37710. 2 0 0 0 0. *010. 3250.
*> 12 GPADF 0.151 0.164 0. 199 0.251 0.299
WASTE 195340. 201°10. 21Q620. 231610. 236370.
S.F 4.411 5.354 10.981 28.915 72.729
4 150 261580. ORE 554u 0. 47950. 26070. 10590. 3800 .
* 13 GRADE 0.152 0. 164 0. 198 0.246 0.293
a ASTE 206440 . 213930. 235810. 251290. 258000.
S.R 3.724 4.462 9.045 23.729 66.495
4100 2*2460. ORE 66660. 58430. 32440. 13220. 4560.
» 14 grade 0.153 0. 164 0. 197 0.242 0.288
a ASTE 215800. 224030. 250020. 269240. 277«00.
S.R 3.237 3.834 7.707 20.366 60.94 3
4050 301370. ORE 78350. 69330. 38590. 15780. 5230.
*> 15 GRADE . 0.154 0. 163 0. 197 0.240 0.285
WASTE 223020. 232040. 2627*0. 285590. 296140 .
S.R 2.846 3.347 6.810 18.098 56.623
4 0 0 0 318700. ORE 90580. 80570. 45040. 18330. 5790.
n 16 GRADE 0.154 0.163 0. 196 0.239 0.284
WASTE 228120. 238130. 273660. 300370. 312910.
S.R 2.518 2.956 6.076 16.387 54.043
TABLE C.12 CONTINUED
ER-2905 230
R u n * 32®7. PAGE 9 »*EDS 723V1 DATE l-Nov-83 TI“E 10:40
T H E S I S  M 1 M J N C C S * P R O J E C T
*« mining tmesis cs* pit pfserves pit • e« bench 27 cutoff o.io ••
TABLE ?. C U M U L A T I V E  R E S E R V E S
BLOO * FIT FILES s TmEDIP.HL* TMEDIP.PE4 
TOPOGRAPh Y MATRIX * TmEOIP.TuP 










3 7 5 0  
* 21
3 7 0 0  
• 22
3 6 5 0  
• 23
3 6 0 0  
• ?4
total
3 3 4 6 1 0 .  OPf
G»Al)t * A 51 £ 
S.F
3 U 9 O 5 0 .  HRf
(,*1 OE 
•» A 5T t 
S.F




37 3 R r 0. PRf
GPADE*ASltS.P
3 8 4 2 1 0 .  OREGRADE
W A S T E
S.F
3 9 3 3 0 0 .  OPE
G R A D E
wasteS.F




4 0 7 7 3 0 .  ORE
GRADE
w A S T fS.F
C U T 0 F F 
0 . 0 5 0
9 Q 7 4  0.
0 . 1 5 5  
2 3 4 * 7 0 .  
2 . 3 5 5
1 0 9 1 AO. 
C . 1 5 5
23R670.
2 . 1 0 7
11 a 4 3 o.
0. l«.fc
?43*-4C.
2 . 0 5 6




1 3 6 7 9 0 .
0. 166 
2 4 7 4 3 0 .  
1 . 9 0 0
)44920. 
0 . 1 6 °  
2 R A 5 h n. 
1 . 7 1 6
1 51 7f>0.
0 . 1 7 2  
24 94 30.
1 . 60 4
1 5 7 7 7 0 .
0. 176 
2«OObO.
1 . 5 6 4
G R A D E S  
0 . 1 0 0  0 . 1 5 0
§ 6 3 7 0 .
0.164
?R62r O.
2 . 7 6 6
0 6 0 3 0 .  
0 . 1 * 5
2 5 3 0 2 0 .
2.635
1 0 3 2 0 0 .  
0 . 1 6 6  
2 5 6 A 2 0 . 
2.50b
111760.
0 . 1 7 3
262060.
2.3«4
1 1 9 8 0 0 .
o . n e
264410. 
2 . 2 0 7
1 2 7  4 2 0 .  
0 . 1 6 1  
2 6 5 0 6 0 .  
2 . 0 8 7
1 3 4 0 3 0 .
0 . 1 A 5
2 6 7 1 6 0 .
1 .R°3
130560. 
0 .  166 
269150. 
1 .021
5 0 3 4 0 .  
0 . 1R7 
2 8 4 2 7 0 .  
5 . 6 4 7
5 5 2 7 0 .  
0 . 1 9 8  
2 9 3 7  A O . 
5 . 3 1 5
6 0 5 5 0 .  
0.200 
3 0 1 5 6 0 .  
4 . R A O
6 7 3 9 0 .
0 . 2 0 7
5064PO.
4 . 5 - 7
7 4 0 4 0 .  
0 . 2 1 3  
3 1 0 1 7 0 .  
4 . 1 8 9
B 0 4 6 0. 
0 . 2 1 6  
3 1 2 ° 0 0 .  
3 . 8 8 8
6 5 6 5 0 .  
0.221 
3 1 5 5 4 0 .
3.664
6 9 R 7 0 .
0 . 2 2 4
3 l 7 7 b 0 .
3 . 5 3 2
0.200
2 0 5 3 0 .
0 . 2 4 0  
3 1 4 0 A 0 .
1 5 . 2 9 9
2 2 9 2 0 .
0 .2 4]
3 2 6 1 3 0 .
1 4 . 2 2 9
26010.
0.244
3 3 6 1 0 0 .
12.®2?
30990.
0 . 2 5 4
3 4 2 6 5 0 .
1 1 . 0 6 3
3 5 4 5 0 .
0 . 2 6  3 
34A7bP.
9 . 6 3 9
3 9 6 2 0 .
0 .266 
3 5 3 7 6 0 .
6 . 9 2 0
4 3 0 7 0 .
0 . 2 7 4
3 5 9 1 2 0 .
6 . 3 1 5
• 6 2 5 0 .
0 . 2 7 8  
3 6 1 4  A 0.
7.816
0 . 2 5 0
6 7 0 0 .  
0 . 2 8 7 
3 2 7 9 ] 0 .  
4 8.94 2
7 9 4 0 .  
(-.287 
3 4 l i 10.
4 2 . 0 b )
9 7 7 0 .
0 . 2 A F
3 5 2 3 4 0 .  
3 n . Pb3
12980.
0. 30fc 
3 6 0 6 b 0 . 
2 7 . 8 0 1
1 5 9 5 0 .  
0 . 3 1 8  
3 6 6 2 6  0. 
2 3 . 0 8 6
1 P 2 ® 0 .  
0 . 3 2 3  
3750RO. 
2 0 . 5 0  a
2 0 7 3 0 .  
0 . 3 3 4  
38 04 6 0. 
1 6 . 3 5 ?
2 2 8 4 0 .  
0.34 0 
3 6 4 8 9 0 .  
1 6 . 0 5 ?
TABLE C.12 CONTINUED
EH-2905 231
RUN* 3297. R»GE 10 .MfDS 723V1 DATE l-N©v-63 T!»*F 10:*0
T H E S I S  L I N I N G  C S M P R O J E C T
• * MINING ThF'IS CS* PIT RESERVFS PIT * E* BE^C* ?7 CuTOFF 0.10 ••
TABLE 2. c u m u l a t i v e  p e s f p v f s
B L O C  * t P I T  F I L E S  s T h E D I P . B L *  T h E D I P . P E *  
t o p o g r a p h y  m a T w I x  s T m E O I P . T O P  
t o n n a g e  f A C T O P  s  1 2 . 5 0 0 0
BEf.CP total
3 5 5 0  
• 25
3 5 0 0  
• 26
3 * 5 0  
• 27
R 12 ° 5 0 . o p eGROE
mAsTC
S.P
* 1 6 * 7 0 .  OPE
GRADE
N A S T E
S.P




C U T O F F
0 . 0 5 0












G P A 0 E 5 
0 . 1 O 0  0 . 1 5 0
1R3770.
0. 1 P M 
2b9lpn. 
1 .672




1 R A 7 « r .
0. Ib9 
?6°790.
1 . 6 1 3
92940. 
0 . 2 2 5  
3 2 0 0 1 0 .  
3 . R R 3
9 5 1 7 0 .
0 . 2 2 5
3 2 1 5 O 0 .
3 . 3 7 6
9 6 R 3 0 .  
0 . 2 2 5  
3 2 2 1 R 0. 
3 . 3 R 1
0.200
R 6 3 b 0 .
0.27*
36R69U.
7 . 5 3 9
R 9 7 5 0 .
0.276
3 6 b 9 2 0 .
7 . 3 7 5
5 0 5 R 0 .
0.277
3 6 6 0 3 0 .
7 . 2 6 2
• •• Ct'RPFDT LOGIN SFSSlDN: SPl1 s 2 0 * * 3 5  T T Y  s In R 1 7 * 1 N
0 . 2 5 0
2RlbO. 
P . 3 R l> 
3 * 6 7 9 0 .  
l b . 0 9 ?
2 * 7 ?  C . 
0 . 3 3 5  
3 9 1 9 5 0 .  
1 6 . « 5 b
2 5 1 1 0 .  
0 . 3 3 6  
3 9 3 * 6 0 .
1 5 . BftO
TABLE C.12 CONTINUED
ER-2905 232
fcUNt 331b. PAGE 5 MEPS 723V1 DATE l-Nov-*3 TIME! 11:32
T H E S I S  M I N I N G  C S M  P R O J E C T
** mining thesis csm pit resepves pit * fj bench is cutoff 0.05 * *
TABLE 2. C U M U L A T I V E  r e s e r v e s
BLOC* * PIT FILES = THED1P.BLK THEDIP.PF1 
TOPntRAPhY MATRIX s ThEPIP.TOP 
TONNAGE FACTOR = 12.5000
BENCH
4750 t 1
A 7 C 0 
e ?






A5 0 0 
« 6
A A 5 0 
* 7

















































































o .  o o o
o.
0.000 
A 5 A 0 .
0.000
0.























































































































o . o o o
*2**0.
0.000
TABLE C.13 CUMULATIVE ORE RESERVE SUMMARY FOR PIT
DESIGN #F1 BENCH 15
ER-2905 233
RUi.s 3316. PAGE fe MECS 723V1 PATE l-Nov-63 T 1 ME 11:3?
T H E S I S  M I N I N G  C S M  P R O J E C T
** MI NING THESIS CS“ MIT RFSFRVES *>IT n Fl BENCH 15 CUTOFF 0.05 **
TABLE 2. C U M U L A T I V E  R E S E R V E S
BLOCK R PIT FILFS = THEDIP.BL* ThEPIP.PFI 
TOPOGFAPh Y MATRIX = t h e d i p.top 












4 1 00 
a ] 4






1 3 3 ft 4 0 .
1 4 2 R S 0 .
150540.



























* A S T E 
S.P
C U T O F F
0.050
864 0 .



























G R A D E S
0.100













































































































1 4 b 3 0 0 .
34.505




* » *  C U R R E N T  L n G I N  SESSION: S R U  =  4 3 7 2 2 5  T T Y  =  2 H R  9 M I N
TABLE C.13 CONTINUED
ER-2905 234
RUN# 3317. PAGE 6 M£DS 723 V 1 DATE l-Nov-83 TIME 11:3?
T H E S I S  M I N I N G  C S M  P R D J E C T
* *  MINING THESIS OS*' PIT RESERVES PIT # F? BENCH 20 CUTOFF 0.05 **
TAPLE 2. C U M U L A T I V E  R E S E R V E S
BLOCK S. PIT FILES = ThEDIP.BLK THEDIP.PF?
TOPOGPAPHY MATRIX = THEDIP.TuP 
TONNAGE FACTOR = 12.5000
BELCH TOTAL C U T O F F G R A D F S
0.050 0.100 0.150 0.200
4750 2170. OPF 0. 0. 0 . 0.
* 1 GRADE 0.000 o.ooo 0.000 0.000
A S T E 2170. 2170. 2170. 2170.
S.P 0.000 0.000 0.000 0 . " 0 0
4700 5«30. C'PE 0. 0. 0. 0.
# 2 GRADE 0.000 0.00 0 0.000 0.000
WASTE 5930. 5530. 5930. 5 0 3 0 .
S.R 0.000 0.000 0.000 0.000
4 65 0 11450. ERE 0. 0 . 0. 0 .
» 3 GRADE 0.0 00 o.noo 0.000 0.000
wASTE 1 1450. 1 1450. 11450. 1 1450.
S.R O.000 0.000 0.000 0.000
4600 21050. CRE 0. 0 . 0. 0.
# 4 GRADE 0.000 0.000 0.000 0 . 0 0 0
WASTE 21050 . 21050. 21050. 21050.
S.R 0.000 0.000 0.000 0.000
4550 389 9 0. OPE 0 . 0 . 0. 0 .
» 5 GPADE 0.000 o.ooo 0.000 0.000
WASTE 3 8 9 9 0 . 36990. 36990. 36900.
S.R o.ooo 0.000 0.000 0.000
45 0 0 61550. f Pf 0. 0. 0. 0.
# 6 G^ADE o.ooo 0.000 0.000 o.noo
WASTE 61550. 61550. 61550. 61550.
S.R 0.000 0.000 0.000 o.ooo
4450 86550. C'RF 0. 0. 0. 0 .
# 7 GRADE 0.000 0.000 0.000 0.000
WASTE Bb550. B6550. 86550. 86550.
S.R 0.000 0.000 0.000 0.000
4400 110370. ORE 0. 0. 0. 0.
» 8 GRADE 0.000 0.000 0.000 0.000
WASTE 1 1 0370. 1 1 0370. 110370. 110370.

































0 . n 0 0
TABLE C. 14 CUMULATIVE ORE RESERVE SUMMARY FOR BIT
DESIGN #F2 BENCH 20
2905 235
RDM* 3317. PAGF 7 *EPS 723V1 DATE l-Nov-63 TI*E 11:32
t h e s i s  m i n i n g  c s m  p p o j e c t
• • MJM nE Thesis CS“ PIT HESEPVES PIT • f2 PENCH 20 CUTOFF 0.05 •*
TAbLE 2. c u m u l a t i v e  p e s e p v e s
BLOC» * PIT ru.ES = ThEDIp.9L« THFD1P.PE2 TOPOGRAPHY MATwlJi s ThEDIP.TOP 
TOtPAGE FACTOR s 12.5000
TDTal c u t o r r G R A D E S
* 3 5 0  A 9 1 3 2 3 5 0 .  PHFgrape
rtASTEs.*





O . l O n




0 . 1 5 0
3 9 7  0. 
0 . 2 0 5  
l?e380. 
3 2 . 3 3 0
0.200
1 5 “ o.
0.2f>7
1 3 C 7 7 0 .82.766
0 . 2 5 0
850.
0.3C7 
1 3 1 5 C 0 . 
1 5 * . 7  Ob
*J300 
* 10













•  AETf e  
S.F
1PP10. 
r. i uo 
1 3 2 * * 0 .  6.672
2PO30. 
0.151 






1 6 3 1 0 .  
0 . 1 6 5  
1 3 6 * * 0 .  
* . 3 6 5
2 * 9 0 0 .  
0. 165 
1*66*0. 
5 . 6 * 9
3 3 * 7 0 .  
0. 165 
1 5 « % S C . 
« . 5 7 2
6 3 2 0 .
0 . 2 0 5
1 * * * 3 0 .
1 7 . 3 5 9
1 2 6 9 0 .
0.20*
1 5 9 6 5 0 .
1 2 . 3 0 9
1 7 * 3 0 .
0.202
170890.
9 . 5 8 *
3 5 0 0 .
0.260
1 * * 2 5 0 .
*2.6*3
5530.
0 . 2 5 7
166010.
3 0 . 0 2 0
7 6 1 0 .  
0 . 2 5 3  
161110. 





2 * o 0 .  
0,30® 
16902 0. 
6 * . 7 3 2
3 2 0 0 .
0.295
1 6 5 5 2 0 .
5 7 . 0 7 5
* 1 5 0  
« 13
* 1 0 0  
• 1*









o p a r e
PA5TE
S.*






5 0 2 2 0 .  
0. 1 52 
1 5 * 1 3 0 .  
3 . 0 6 9
5 9 9 3 0 .
0 . 1 5 *
1 5 6 5 3 0 .
2 . 6 * 5
6 9  * 6 0 .
0 . 1 5 5
1 6 1 * 0 0 .
2 . 3 1 0
7 9 9 * 0 .  
0 . 1 5 6  
1 6 2 5 0 0 .
2 . 0 3 3
* 2 * 9 0 .  
V. 165 
161*60. 
3 . 7 6 5
5 2 0 0  0. 
0 . 1 6 5  
166*60. 
3 .2 0 1
6 1 * 7 0 .
0.165
1 6 9 7 9 0 .
2 . 7 b ?
7 1 1 1 0 .  
0. 165 
1 7 1 3 3 0 .  
2 . * 0 9
2 3 2 1 0 .  
0 . 2 0  
1 8 1 1 * 0 .  
7 . 6 0 *
2 * 9 * 0 .
0 . 1 9 9
1B9S?0.
6.5*9
3 * 6 * 0 .
0 . 1 9 5
1 9 6 6 2 0 .
5 . 6 7 6
* 0 7 5 0 .
0 . 1 9 7
2 0 1 6 9 0 .
* . 9 * 9
9 * * 0  .o.2*r
1 9 * %  J 0. 
1 9 . 7 6 7
1 2 2 7 0 .  
0.2** 
2 0 6 1 9 0 .  
16.*0*
1 * 7 0 0 .  
0 . 2 * 2  
2 1 6 5 6 0 .  
1*.732
1 7 2 1 0 .
0.2*0
2 2 5 2 3 0 .
1 3 . 0 8 7
3 8 3 0 .  
0 . 2 9 *  
2 0 P 5 2  l . 
5 2 . 3 5 5
* 5 1 0 .  
0.2*° 
2 1 3 9 b  0 . 
* 7 . * 3 ®
5 1 7 0 .  
0 . 2 * 5  
22e0°0. 
* 3 . 7 3 1
5 7 3 0 .
o.2es
2 3 6 7 1 0 .
* 1 . 3 1 1
TABLE C .14 CONTINUED
ER-2905 236
RUN* 3317. RAGE 8 RETS 723V] DATE l-Nov-*3 TIME 11:32
T H E S I S  m i n i n g  C S M  P R O J E C T
•* MIMING TMFSIS CSm pit RESERVES PIT • F2 RfNCH ?0 CUTOFF 0.05 •*
TAPLE 2. C U M U L A T I V E  R E S E R V E S
BLOC*1 » PIT FILES e TmEDIP.BL* THEDIP.PF?
TOPHGRAPhY MATRIX s thedip.tdp 
TPHMAGL FACTOR s 12.5000










1 6 9 7 4* 0 . 
1 .879
0. 100

































































0 . 2 1 0  
































TABLE C.14 CON TINUEL
ER-2905 237
PUM 331S. 6 AGF 7 WEDS 723V1 DATE l-»*ov-P3 TI*E 11:33
T H E S I S  w ] n 1 N G C S * P R O J E C T
*« HINIwG ThFSIS CSH PIT RESERVES PIT ■ F3 BEMCh 25 CUTOFF 0.05 *•
TAbLE 2. C O P U L A T I V E  R E S E R V E S
BLOC* I PIT FILES * ThED!<*.BL* THED1P.FF3 TPPPGPAPhV MATRIX s TmEDIP.TOP 






<165 0 a 3
«60C a a













































2 3 « a o .
C.000






1 3 0 2 6 0 .
0.000













O.OOO 23«a 0. 0.000
0.














0.0.003 A31 a 0. 0.000
0.0.00069230.0.000

























0 . 0 0 {■ 
2 3«*> 0. 0.000
0.O.OOO
a 3 1 a 0 . 
0.000
0.0.000
69230.0 . 0 0 0
0.0 . 0 0 c 99720. 0.000
0.0.000 
1 3 0 2 o 0 . O.OOO
TABLE C.15 CUMULATIVE ORE RESERVE SUMMARY FOR PIT
DESIGN #F3 BENCH 25
2905 238
RUN* 33!*'. PAGE. 8 •'EOS 7?3V1 DATE l-fcov-BS TI»»C !ls?3 
1 d t 5 I S * T N I N G C S “ P R O J E C T
• • MIMING Th FSIS CS*' PIT RFSfPVES PIT * P3 BENC* 25 CUTOFF 0.05 ••
TAPLE 2. C O P U L A T I V E  R E S E R V E S
BLDC* I PIT FILES s ThEPlP.RL* THFDIP.PF3
TnPUGPIPh T MATPI X s Th EDIP.TOP 






















































































? 1 5?5 0. 
2.7R5
8 6 9 ? 0 .
0.159
210690.
2 . 9 7 3
G R A D E S







l f t 7 7 o o .
9.P7S
2 7 1 0 0 .
0. 169 
183060.


























































































































RUN* 3 3 S e. »'*GC 9 **tDS 7 2 3 V 1 DATE l-Nov-83 T1*E 11*33
t h e s i s  r i n i n g c s * p r o j e c t
•• PINING THESIS CS“ PIT RESERVES PIT • P3 bENC« 25 CUTOrf 0.05 ••
TABLE 2. C O P U L A T I V E  R E S E R V E S
BLOC* I PIT FILES s TmEDIR.BL* THEDIP.PF3 TOPOGRAPHY *ATRI* b TmEDIR.TOP 
TON*’AC-F F4CT0R s 12.5000























































































































































































































RU*»* PAGE 10 “TDS 723V1 DATE l-Nov-83 U ME 11:33
T H E S I S  L I N I N G  L S * P R O J E C T
«* M I M N G  THESIS CS* P H  RESERVES p i t • F3 BENCH 25 CUTOFF 0.05 •*
TABLE 2. C U M U L A T I V E  R E S E R V E S
BLOCK * PIT FILES s TmEDIP.BL* THEDIP.PF3 
TOPDf-RApHY haTRIx * ThEDIP.TOP 
TOKNAGE FACTOR s 12.5000
3550 
• 25































3 7?tS C. 
1 5 . e> 0 0
TABIE C.15 CONTINUED
ER-2905 241
RUN* 3310. PAGE 7 MEDS 723V1 DATE l-Nov-83 TIME 11:34
t h e s i s  p i n i n g  c s m  p r o j e c t
a* MINING THESIS CSM PIT RFSFRVES PIT * F4 BENCH 27 CUTOFF 0.05 **
TAbLE 2. C U M U L A T I V E  R E S E R V E S
BLOCK R PIT FILES = TWEDIP.BL* THED1P.PF4 
TOPOGRAPHY MATRIX = t h e d i p.top 






























































































































































































































134 4 4 0.
II . 0 0 0
TABIE C.16 CUMULATIVE ORE RESERVE SUMMARY FOR PIT
DESIGN #F4 BENCH 27
ER-2905 242
RUM* 3319. F" AGE 8 MEDS 723V1 0 ATE l-Nov-83 TlMt 11:34
T H E S I S  L I N I N G  C S M  P R O J E C T
** mining thesis csm pit reserves pit « f« bench 27 cutoff 0.05 *«
TAfaLE 2. C U M U L A T I V E  R E S E R V E S
BLOCK fc PIT FILES = THEDIP.BLK THED1P.PF4 
TOPOGRAPHY MATRIX = ThEDIP.TOP 
TONNAGE FACTOR = 12.5000
HENCH total C U T 0 F F G R A D E s
0.050 0.100 0.150 0.200 0.250
4350 164590. ORE 10650. 8690. 4220. 1580. 650.
t 9 C- R A n E 0.147 0.162 0.202 0 . 2b7 0.307
* ASTE 153940. 15590 C. 160370. 163010. 163740.
S.R 14.454 17.940 38.002 103.171 192.6 35
4300 192790. OR fc 21730. 17990. 9040 . 3510. 1670.
a 10 GRADE 0.146 0. 1 63 0.202 0.260 0.30*
WASTE 171ObO. 174800. 183750. 189280. 191120.
S.R 7.872 9.717 20.32b 53.92b 1 14.443
4250 219050. 0»E 32950. 27760. 14330. 5660 . 2460.
» 1 1 GRADE 0.150 0. 163 0.201 0.256 0.3 05
wASTp; 166100. 191290. 204720. 213370. 216590.
S.*- 5 .646 6.891 14.286 37.565 66.045
4200 243530. ORf 44520. 37920. 20040. 6010. 3250.
« 12 GRADF 0.151 0.163 0. 199 0.251 0.299
w ASTE 199010. 205610. 223490. 235520. 240260.
S.R 4 .470 5.422 11.152 29.403 73.932
4150 266270. OF;E 55740. 48220. 26150. 10590. 3880.
a 13 C-PADE 0.152 0. 163 0. 198 0.246 0.293
WASTE 210530. 218050. 240120. 255680. 262390.
S.R 3.777 4.522 9. 182 24.144 b7.62b
41 CO 267310. ORE 67020. 58760. 32560. 13240. 4560.
a 1 4 GRADE 0.153 0. 164 0. 197 0.242 0.286
HASTE 220290. 226560. 254750. 274070. 282750.
S.R 3.267 3.690 7.824 20.700 b2.007
4050 306630. ORE 78830. 69770. 36750. 15820. 5230.
a 15 GRADE 0.154 0. 163 0. 19o 0.240 0.265
WASTE 227«00. 236860. 267860. 290810. 301400.
S.R 2.690 3.395 6.913 18.382 57.629
40 0 0 324370. ORE 91220. 81120. 45240. 18390. 5790.
a 16 GPADE 0. 154 0.163 0.196 0.239 0.284
WASTE 233150. 243250. 279130. 305980. 316560.
S.F 2.55b 2.999 6. 170 16.636 55.022
TAELE C* 16 CONTINUE!)
ER-2905 243
RUN# 3319. PAGE 9 MEDS 723V1 DAlfc l-Nov-63 TI*F. 11 :34
T H E S I S  P I N I N G  C S M  P R O J E C T
** MINING THESIS CSM PIT RESERVES PIT n Fit bENC* 27 CUTUFF 0.05 **
TABLE ?. C U M U L A T I V E  R E S E R V E S
BLOCK R. PIT FILES = THEDIP.RLK THED1P.PF4 
TOPOGRAPHY MATRIX = ThEDIP.TQP 
TONNAGt FACTOR = 12.5000















3 6 0 0  
# 24
Tnr al
3 A 0 7 0 0 .
355580.
3 6 9 0 5 0 .
3611 AC,
391920.

















































0 . 1 6 1  
251910 .














0 . 1 7 A 
256580. 
1.600
G R A D E S  
0.100 0.150
88960. 
0 .  16A 
2 5 1 7 2 0 .  
2 . 8 2 9
9 6 6 9 0 .
0 .  165  
2 5 6 8 9 0 .  
2 . 6 7 8
1 0 3 9 9 0 .
0 .  167  
2 6 5 0 6 0 .  
2 . 5 A 9
1 1 2 5 6 0 .
0 . 1 7 3
2 6 6 5 6 0 .
2 . 3 8 6
1 2 0 7 6 0 .
0 . 1 7 6
2 7 1 1 6 0 .
2.2A5
1 2 6 5 7 0 .  
0 . 1 6 1  
2 7 2 9 3 0 .  
2 .  123
135290.
0 .  1 85  
2 7 A 4 7 0 .  
2 . 0 2 9
1 4 0 8 9 0 .
0 .  167  
2 7 6 0 1 0 .  

















7 4 A 9 0 .
0.213 
























0 . 2 4  A 






















0 . 2 5 0
67 (> 0 . 
0 . 2 6 7  
3 34 0 0 0 .  
4 4 . 6 5 1
79^0 . 
0 . 2 6 7  
3 4 7 6 4  0 .  
4 3 . 7 6 3
9 7 7 0 .
0.26b
3592* 0.  
3 6 . 7 7 4
1 2 9 * 0 .  
0 . 3 0 6  
3 6  6 1 b 0 . 
2 6 . 3 6 4
1 5 9 3 0 .  
0 .  3 1 p 
3 7 5 9 7 0 .  
2 3 . 5 7 2
1 6 2 9 0 .  
0 . 3 2  3 
3 6 3 2 1 0 .  
2 0 . 4 5 2
2 0 7 3 0 .  
0 . 3 3 A  
3 6 9 0 3 0 .  
I P . 7 6 7
2 2 6 4 0 .  
0 . 3 4  0 
394060. 
1 7 . 2 5 3









RUN* 331®. PAGE 10 MEDS.723V1 DATE l-Ncv-83 TI-F 11 : 3*
t h e s i s  m i n i n g  c s * p r o j e c t
** mining thesis cs« pit reserves pit « f a  b e n c h  21 cutoff 0.05 **
t a b l e 2. C U M U L A T I V E  R E S E R V E S
BLOC* I PIT FILES = ThEPIP.BL* THEPJP.PF4 
TOPOGRAPHY maTFIX s TMED1P.TOP 
TONNAGE FACTOR S 12.5000











* A S T E 
S.R


































































CURRENT LOG I* SESSION: SPJ = 43663® TTY s 2HR 12*16
TABLE C.16 CONTINUED
